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ON THER CHARACTER AND EFFECT OF.THE IJILLUMI- 
NANTS PRESENT JIN COAL GAS.* 


By L. M. NORTON, Pu.D. 


Common coal gas consists of two distinct classes of bodies, —the illu- 
minants or light-givers, and the diluents or light-bearers. These diluents 
consist of certain combustible carbon compounds and hydrogen, which, 
in burning, influence the temperature of the flame, but have compari- 
tively little illuminating power. The prominent diluents are hydrogen, 
marsh gas, and carbonic oxide. These constitute most of the volume 
of gas, while the illuminants seldom constitute more than 6.5 per cent 
of the total volume. It would seem that the attention of gas chemists 
would have been directed to the examination of the bodies classed 
under the head of illuminants, but a study of the literature relating to 
gas shows that the difficulties connected with this question have gen- 
erally deterred examiners from anything more than the estimation of 
the total volume of the illuminants. The analyst has usually contented 
himself with the determination of the volume per cent of the gas ab- 
sorbed by strong sulphuric acid, and this quantity is commonly known 
as the percentage of illuminants. The assumption sometimes made 
that two gases having the same percentage of illuminants, and all other 
constituents ought to have the same candle-power, does not appear to 
be borne out by experience, and is erroneous from a theoretical point of 
view, as will be seen. 


* From an address delivered before the New England Association of Gas Engineers, Feb. 
20, 1889. j 
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In the hope of throwing further light upon the nature and effect of 
these bodies, in connection with Mr. O. S. Doolittle, I aaeainitoe an 
examination of the Boston gas. 

The illuminants present in coal gas consist of ethylene, propylene, 
acetylene, benzol, toluol, crotonylene and other hydrocarbons. The 
following table shows that such hydrocarbons as act as illuminants 
are relatively rich in carbon. 


TABLE I. , 


CERTAIN CONSTITUENTS OF COAL GAS AND NAPHTHA GAS. 





——. 








Symbol. Carbon. Hydrogen. “ee 2 
Temperature. 

Illuminants. 
a ee C,H, 85.71 per ct. 14.29 per ct. . Gas. 
Propylene .... . CH, | 8571 “ 1429 « "Gas. 
PRNVIONE.. 29 6 6 ee CsHio Sh7i. 14.29 « Liquid. 
Hexylene ..... C.Hi, S571 14.29 “ Liquid. 
Crotonylene. . . . CH, 88.80 1120 « Liquid. 
Acetylene ..... C,H, 92.30 “ wie: -4 Gas. 
tee iar ee omer Se C,H, 92.30 “ nae - * Liquid. 
WEN GR 6s enna C,H, Sie “* S70 Liquid. 
Pentene . 4. ss) «\% C5Hiy. 83.33 “ sect | Liquid. 
WUCMMNE 6. es C.Hy 83.72 “ 16.28 “ Liquid. 

Diluents. 
paeree GO... 5s CH, 75.00 “ 25.00 « Gas. 
a een ee ee C,H, 80.00 “ 20.00 “ Gas. 
Carbonic Oxide .. . co 42.85 “ _ Gas. 




















In addition to the hydrocarbons mentioned above, naphthalene has 
been found a few times in coal gas. When this hydrocarbon is present 
it undoubtedly adds largely to the candle power of the gas; it contains 
93.75 per cent of carbon and 6.25 per cent of hydrogen, and has been 
used as an artificial enricher at the burner.* It is the prevailing opin- 
ion that the value of any hydrocarbon as a light-giver, increases with 
the‘ percentage of carbon present. In that case, it will be seen that 
benzol and acetylene are the most desirable illuminants. 

Benzol was first found in illuminating gas by Faraday.¢ Pitschke t 


* English Patent, 0,778, June 10, 1886. t Philos. Trans., 1825. 
¢ Jour. f. prak. Chem., 67, 415. 
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isolated and identified it in 1856. Berthelot * in 1876, in the course of 
his investigation of the Paris gas, found that it contained from 3 to 3.5 
volume per cent of benzol. Since that time chemists have more and 
more inclined to the view that this is the most important substance 
present in gas. It appears to be always accompanied by a small quan- 
tity of toluol. Crotonylene was first found in illuminating gas by Caven- 
tou ¢ in 1873, and as it almost invariably formed’ by the action of heat 
on petroleum naphthas,} it is probable that in coal gas enriched by 
naphtha, this illuminant plays a very important part. Amylene and 
hexylene may reach illuminating gas from the same source, while 
pentane and hexane are the important illuminants in gasoline gas. 
The quantity of acetylene present appears to be very minute. 

The examination of the character of illuminants by the ordinary 
methods of gas analysis seemed unadvisable, on account of the minute 
quantities of certain substances present. In fact, Treadwell and Stokes § 
have lately pronounced it impossible to determine the amount of ben- 
zol in illuminating gas by ordinary methods of gas analysis. 

We therefore worked with considerable volumes of gas, and used 
from fifteen to forty cubic feet. 


ETHYLENE AND PROPYLENE. 


We removed these substances from the gas by absorption with 
bromine. The bromides thus obtained by the union of the bromine with 
the gases were distilled in vacuo and fractionated, and after analysis the 
per cent of the substances in the original volume calculated. The liquid 
bromides of ethylene and propylene left upon distillation in vacuo a 
solid residue which was purified by crystallization and found to consist 
of crotonylene tetrabromide and dibrombenzol. These were separated 
by crystallization and examined. 


BENZOL. 


We attempted to absorb the benzol in nitric acid,’but we soon be- 
came convinced that this method was unsatisfactory. We then under- 
took to remove the liquid hydrocarbons from the gas by passing it 
through olive oil, as suggested by Ditmar and Davis.|| We found this 
method to bé an excellent one, and we passed thirteen feet of gas slowly 
through the oil. We then heated the oil and passed steam through it. 
The steam carried over the liquids absorbed from the gas, and after con- 

* Ann. d. Chim. et Phys., 5, 10, 169. t Ber. d. Chem. Gesell., 6, 70. 


¢ Norton and Andrews, Am. Chem. Jour., VIII. 1. 
§ Ber. d. Chem. Gesell., 21, 3131. || Jour. Soc. Chem. Ind., 1886, 4. 
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densing the vapors, we separated the hydrocarbons from the water and 
examined them. They consisted largely of benzol and toluol. The 
olive oil probably absorbed the crotonylene also, but on account of its 
extreme volatility we were unable to condense it when the oil was 
treated with steam. 


ACETYLENE. 


Acetylene has been found in coal gas by Berthelot and others,* and 
he founds upon the fact an elaborate theory ¢ regarding the formation of 
benzol in the retort. To determine the amount of acetylene, we passed 
the gas through subchloride of copper solution, which absorbs it readily, 
filtered off the red precipitate containing the acetylene, decomposed this 
with hydrochloric acid, and again absorbed the acetylene in bromine and 
weighed the tetrabromide formed. 


NAPHTHALENE. 


It would seem likely from the occurrence of naphthalene in tar and its 
occasional deposition in pipes, that this substance would be likely to be 
present in the gas. We attempted to find it by passing the gas through 
alcohol, in which it is very soluble, but the alcohol failed to remove a 
trace of it from the gas. Pitschke { succeeded in finding naphthalene 
in gas by this method. We then tried to remove it by means of heavy 
petroleum naphtha, but did not succeed in obtaining a trace of it. We 
next had recourse to cold and pressure, and subjected the gas under a 
pressure of five atmospheres to a temperature of +9° F., but only suc- 
ceeded in condensing liquid hydrocarbons. In one case only, among the 
solids obtained by the action of bromine upon the gas, we obtained a 
small quantity of a substance which may have been dibromnaphthalene. 


OTHER CONSTITUENTS. 


The oxygen, nitrogen, carbonic acid, carbonic oxide, and marsh gas 
were determined in the ordinary way with the Hempel gas apparatus. 
The specific gravity was determined by weighing a known volume in a 
flask. 

The following table shows the composition of the sample of Boston 
gas, and also contains all the other complete analyses of coal gas which 
I have been able to find. 


* Béttger, Landolt, Blochmann, Fischer. 
¢ Compt. rend., 50, 805 and 62,94. Ann. d.Chem. et Phys., 4,16, 144. See also, Jacobsen, 
Ber. d. Chem. Gesell., 10, 853. t Loc. cit. 
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TABLE II. 
ANALYSES OF COAL GAS, IN VOLUME PER CENT. 

I. Il. i. | itv. v. vi. | VIL 
Ethylene ..... -; 2.30 2.01 2.55 2.48 2.11 2.24 0.1-0.2 
Propylene . . . - - «| 0.78 0.72 1.21 0.64 0.37 soe 0.02 
We a ee 8 0.83 0.66 0.69 0.59 0.69 2.00 3.0-3.5 
Acetylene, Crotonylene, etc. 2.17 — — _ —_ ne 0.1 
Carbonic Acid. . . . .j| 0.12 1.40 8.01 0.48 0.81 2.94 os 
Carbonic Oxide . .. . 6.08 4.00 8.88 742 | 11.19 6.00 — 
Marsh Gas... . . . | 42.382 | 85.28 | 34.02 | 38.75 | 46.27 | 41.50 — 
Hydrogen . . . . . . | 85.85 | 52.75 | 46.20 | 47.60 | 37.55 | 45.70 os 
CRON 6 te STS 0.12 — -- 0.02 — = a 
Nitrogen . . 31. > 9.98 3.18 2.15 2.02 1.01 as — 
Specific Gravity . . . .| 0.41 0.37 _— —_ a _ is 












































I. Boston gas, by Norton and Doolittle. — II. K6nigsberg gas, by Blochmann.* — III. 
Heidelberg gas, by Kinnicutt and Treadwell.f—IV. and V. Hanover gas, by Fischer. — 
VI. Manchester (Eng.) gas, by Davis. — VII. Paris gas, by Berthelot.|| 


So far as I am able to learn, these samples are all pure coal gas, with 
the exception of the Boston gas, which is enriched by naphtha. It will 
be observed in the table presented that in general, the percentage of 
ethylene remains nearly constant, that of propylene varies somewhat 
more, while that of benzol undergoes still greater variations. Besides 
these illuminants, the Boston gas contained other illuminants, consist- 
ing of acetylene, a considerable amount of crotonylene, and small quan- 
tities of hexylene and amylene, making up some 2.17 per cent of the 
total volume. 

CANDLE POWER. 


The next question to be considered is naturally, which of these illu- 
minants has the most value in giving illuminating power to the flame. 

In order to gain some information upon this point the Boston 
gas was passed through olive oil to remove its liquid constituents, and 
the loss in candle power caused by a removal of these determined. We 
found the mean of three determinations of the gas as received to be 
18.27 candles, and after passage through the oil to be 7.03 candles, show- 


* Ann. d. Chem., 207, 177. + Bunsen, Gasometrische Methoden, 1877, p. 142. 
¢ Die Chemische Technologie der Brennstoffe, 1887, p. 290. 
§ Jour. Soc. Chem. Ind., 1883, 71. || Ann. d. Chim. et Phys., 5, 10, 169. 
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ing that 61.6 per cent of the illuminating power of the gas was due to 
the liquid hydrocarbons. Knoblauch* several years ago found by ex- 
periment that the illuminating value of benzol vapor was about six times 
that of ethylene, and P. F. Frankland‘ arrives at the same conclusion, 
and finds that pure ethylene has a candle power of 68.5 candles, calcu- 
lated upon the basis of a consumption of 5 ft. per hour. This would 
give benzol vapor a candle power of 411.0, and it immediately becomes 
apparent that a very small quantity of benzol vapor can exert an impor- 
tant influence upon the gas. Frankland found that a mixture of marsh 
gas and hydrogen must have 13.4 per cent of ethylene added to it to 
reach 16.8 candles, while 3.09 per cent of benzol vapor gave a candle 
power of 22.9 candles. From the point of view of weight, however, 
benzol vapor possesses a much smaller advantage over ethylene, and 
would have only 2.1 times the candle power of ethylene for equal 
weights. : 

It is greatly to be regretted that no figures exist regarding the effect 
of propylene, acetylene, crotonylene, and amylene as_illuminants. 
There is a prevailing opinion’ that these compounds all have a much 
greater effect than ethylene, but it cannot be said to be based upon ex- 
periment. But it can safely be asserted that benzol is the most valuable 
of the illuminants, and that its presence is to be desired in illuminating 
gas in the largest quantity which will not cause inconvenience by con- 
densation in the pipes. Davis, = at a time when benzol commanded a_ 
-higher price than at present, proposed to remove it from gas, and, if nec- 
essary, replace it by other and cheaper illuminants. In the course of 
his investigations he found the following hydrocarbons present in coal 
gas produced at private works, viz.: pentane, amylene, crotonylene, 
hexane, hexylene, benzol, hexine, heptanes, heptylene, octane, octylene, 
nonane, nonylene, xylol, toluol, and naphthalene. Three-quarters of 
the liquid present which could be condensed consisted of benzol. 


WEIGHT PERCENTAGES. 


While the quantities of benzol and other illuminants present in gas 
as shown by Table II. are small, the per cents by weight, on the other 
hand, are much larger. The following table shows the per cent by 
weight of the most important constituents of three samples of gas. 


* Schillings Jour. f. Gasbel. u. Wasserversorg., XXIII. 274. 
+ Jour. Soc. Chem. Ind., 3, 279. ¢ Jour. Soc. Chem. Ind., 2, 522. 
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TaBLeE III. 
WEIGHT PERCENTAGES. 

A u3.* Ill. 
Bthylené.. « . es se « 5.4 5.1 5.0 
Propylene .,..+.. 2.5 2.7 _ 
OES Lar cen ee ae 5.4 4.7 12.5 
Carbonic Oxide. . .. . 14.1 22.7 13.0 
WiyGrOGee ns 5.9 9.7 Tk 
Marne 6 4 es 57.2 61.7 52.0 

















I. Boston gas, by Norton and Doolittle. — II. K6nigsberg gas, by Blochmann. — III. Man- 
chester (Eng.) gas, by Davis. 


These figures, which are only approximations, show that from this 
point of view the illuminants, instead of constituting from four to six 
per cent as by volume, constitute from twelve and five-tenths to seven- 
teen and five-tenths per cent by weight. 


TAR. 


The amount of benzol which passes into the tar is relatively small, 
while the quantity of toluol and xylol is relatively much greater in com- 
parison with the total amount formed. We found in the Boston tar 
0.39 per cent of benzol, 0.35 per cent of toluol, and 0.16 per cent of 
xylol. Figuring’ now upon a basis of 4.5 per cent of tar and gooo 
cubic feet of gas to the ton of 2000 pounds, we have roughly one-half 
of one pound of commercial benzol in the tar, and sixteen pounds of 
benzol in the gas. These figures agree approximately with those 
obtained by the Paris company, who, in ten. years, found that one 
twenty-fourth of the benzol went into the tar.* 


ENRICHERS. 


The best enrichers to use would then appear to be those substances, 
which, upon decomposition, will give a gas containing a high per cent of 
benzol or other liquid illuminant. The cannel coal is ordinarily sure 
upon decomposition to furnish some benzol, and also to furnish gas of 
high candle power. In regard to the composition of the gas obtained 
by heating cannel coal, very little, im fact almost nothing, appears 


* Lunge, Coal Tar and Ammonia, 1887, p. 31. 
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to be known. A few experiments of my own upon the composition 
of gas furnished by the decomposition of albertite at a high tempera- 
ture give all the information that I have been able to gain in this 
direction, as far as the nature of the illuminants is concerned. The 
decomposition of albertite at a high temperature gives rise to gas of 
high candle power. In the experiments which I made, I found that it 
contained about 27 per cent of illuminants, and its illuminating power 
was four times that of the Boston gas. The sample that I examined 
gave upon destructive distillation almost no ethylene; but propylene 
was found to a very considerable extent, as were also hexylene and amy- 
lene. So that under the circumstances in which I heated albertite it 
gave rise to very little ethylene and comparatively little benzol, but 
mainly hydrocarbons of the ethylene type, consisting of propylene, 
hexylene, and those of about that composition and character. Naphtha 
is much more uncertain in its action. It has been shown* that at a 
moderate red heat, naphtha furnishes very little benzol, and that crotony- 
lene, amylene, and hexylene must be largely relied upon under such cir- 
cumstances to raise the candle power. Naphtha furnishes ethylene and 
propylene with great ease upon heating. On the other hand, Moore jf in 
his investigation upon the Granger Water Gas Process, found from 1.5 
to 2.6 volume per cent of benzol vapor formed, he states, by the heating 
of the water gas and naphtha vapor together. The heavy oils, such 
as residuum and crude oil, upon decomposition, produce doubtless 
benzol more easily than naphtha does, and yet there is little data 
regarding this matter. My own experiments have been confined to 
naphtha. 

In regard to the use of heavy oils, such as residuum and crude oil, 
as stated, there is doubtless more benzol produced in the decomposi- 
tion of residuum than in that of naphtha; but the only experiments 
which bear upon this relate especially to the residuum of Russian petro- 
leum.{ Unfortunately the Russian petroleum contains compounds 
belonging to the benzol class; so that the results of these experiments 
are not as definite as we might wish. A considerable yield of benzol 
was obtained from the decomposition of residuum—a _ considerably 
greater yield than can be obtained from naphtha. 

Tar has been recommended as an enricher, perhaps on the ground 
that, it contained benzol. Tar undoubtedly does contain a very consid- 
erable percentage of hydrocarbons belonging to the benzol series, and 


* Norton and Andrews, Am. Chem. Jour., VIII. 1. 
t Report on the Granger Water Gas, Phil., 1885. 
} Letny, Ber. d. Chem. Gesell., 11, 1210, 
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these compounds, upon decomposition, give rise to benzol. The amount 
of such compounds is perhaps 12 to 15 per cent of the total weight of 
the tar ; so it is conceivable that, by a proper use of the tar, a gas of 


high candle power, containing benzol, might be obtained, but the volume 
would not be large. 
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A PRELIMINARY PAPER ON THE DRIFT IN PORTIONS 
OF MIDDLESEX COUNTY. 


By GEO. H. BARTON. 


As the title of this paper indicates, it is but a preliminary paper. 
It embraces the results of field observations made by the writer during 
portions of the summer of 1888. The territory examined all lies within 
a short distance of the Fitchburg railroad or its branches, and com- 
prises in whole or in part the towns of Stow, Maynard, Sudbury, Acton, 
Concord, Lincoln, and Weston. It is expected that during the coming 
summer not only that a much larger area to the westward will be inves- 
tigated, but that the ground already traversed will in all places of espe- 
cial interest be studied with much greater care than is possible in the 
first preliminary survey. 

It is now very well understood that the drift, which was accumulated 
in its present form by the action of the ice-sheet which spread over the 
northern portions of the United States during the glacial period, and 
was derived very largely from the loose material which, had previously 
been formed by the mechanical and chemical disintegration of the rocks 
near the surface of the earth, is divided in general into three main divis- 
ions, viz., the lower, upper, and modified drift, or till, as it is sometimes 
called. 

The first or lower till is that which accumulated below the mass of 
the ice and was hardened and compacted by the immense weight of the 
ice-sheet. The bowlders contained in the lower till are more or less sub- 
angular or rounded and are usually somewhat marked with striations. 
The general mass of this till is usually spoken of as largely made up of 
blue clay, but recent investigations by Prof. W. O. Crosby have shown 
that the percentage of true clay is very small, and that the larger pro- 
portion of the fine material consists-of silica, some of it ground to the 
fineness of a flour. 

The upper till is that portion which remained upon the surface of the 
ice or was incorporated in its mass and was left as a somewhat thin 
mantle over the entire surface of the country as the ice melted from 
under it. The bowlders contained in this are but little if any rounded, 
being generally quite angular. 

The modified till resulted from the action of the waters produced by 
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the melting of the ice-sheet upon the materials of both the upper and 
lower till, but principally upon that of the former. The sorting power 
of the water separated the materials according to their degrees of fine- 
ness or specific gravity. The larger fragments were left as beds of 
coarse gravel, the quartz grains accumulated to form the sand plains, 
while the finer material, the clay, was carried farther away to form clay 
beds in the marshes near the sea and other low places. 

The most prominent objects in thé topography of this portion of the 
glaciated area connected with the drift are the drumlins, or somewhat 
lenticular hills, formed principally of the materials of the lower drift. 

The upper drift has no features of striking peculiarity. In the mod- 
ified drift the principal and most noticeable features are the sand plains 
that have accumulated along the valleys of the streams, and also in 
large masses over considerable areas of the comparatively level surface 
of the country. Associated with these often are those peculiar struct- 
ures known as kames, which are long, narrow ridges of pebbles of all 
sizes up to a foot and sometimes more in diameter, and all well rounded 
and water-worn. These ridges conform generally to the surface upon 
which they rest, often extending for long distances over comparatively 
level surface, sometimes winding along up the sides of a hill, often 
following along the valley of a stream, but often leaving the valley 
when its trend changes from the general direction of the kame. In 
general the kames run north-south, but the direction may change many 
degrees to the east or west. Often they are very winding or serpen- 
tine, and sometimes form complete horseshoe curves. Sometimes they 
run in single lines, sometimes in a series of ridges nearly parallel to 
each other. 

Taking up the. phenomena mentioned and in the same order, we find 
in the region under discussion that drumlins are numerous in the towns 
of Stow and Maynard, and in the southern half of Acton, scattering in 
Sudbury and Concord, and very rare in Lincoln and Weston. 

In Stow they are most noticeable in the southeast portion of the 
town, along or near the Assabet River. The one farthest to the west, 
just west of the village of Rockbottom, is a double one, of which the 
portion to the west does not extend so far north, but much farther south, 
than the more easterly one. The easterly one has a peculiar channel 
cut through the summit just west of the crest and parallel to the longer 
axis of the hill. The depth of this channel varies from fifteen to 
twenty feet. The longer axis of the hill, which much exceeds its shorter 
axis, has the direction N.-10-W. Its slope to the east varies from 8° to 
25°, the latter being an unusually steep one for hills of this class. 
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Next to the east is Sugar Loaf, which has a very steep slope to the 
southward and a very gentle one to the north, giving a peculiar outline, 
differing from the majority, which are generally symmetrical. This hill 
has its longer axis N.-S. Just south of Whitman’s Station on the 
branch of the Fitchburg railroad is Boon’s Hill, which is nearly circular 
in plan and comparatively low in contour. Northwest of this and on 
the north side of Assabet River is Priest’s Hill, a much higher eleva- 
tion, somewhat composite in form, but not distinctly divided into more 
than one summit. Still again to the northwest, in the same general 
trend as the two latter hills, and just south of the main road from Stow 
to Bolton, is Spindle Hill, a well-marked, typical drumlin, with longer 
axis about N.-10-W. South of the river, about half-way between 
Whitman’s and Maynard, is a group of three hills, the most easterly of 
which is of rock, while the other two are drumlins. The central hill is 
partially superimposed upon the rock hill and has its longer axis about 
N.-S., while that of the westerly hill of the group is N.-60o—W., thus 
lying at a large angle with the former. These hills are thickly covered 
with bowlders, some of which reach a diameter of fifteen feet. Opposite 
these, on the north side of the river, is a drumlin thickly covered with 
wood which has not been examined. South of the river, and on the 
boundary line between Stow and Maynard, are two very large hills very 
much elongated, but with axes very different in direction, one lying 
nearly across the trend of the other. The northerly one has the longer 
axis a little west of north, the southerly N.-10-E. 

Directly north of the river is a hill which is not prominent, with its 
axis still more inclined to the east. Northeast of this latter elevation 
is the most remarkable series yet studied in this area. From the north 
or south it has the appearance of a very large drumlin with a very long 
axis extending nearly east and west. On the summit, however, it at 
once shows its true character, where it is readily seen that it consists of 
a series of drumlins, consisting of at least seven or eight, all with axes 
nearly N.-S., with the exception of the one to the extreme east, which 
are so closely crowded together as to form along their bases one con- 
tinuous mass. Double or twin hills are quite common, but this is the 
only case yet seen where more than two are thus united. This series, 
it should have been mentioned, is in the town of Maynard. Just south 
of the Acton line, in the northeast corner of Stow, is Flagg Hill, which 
consists of two parallel drumlins, with longer axes nearly N.-S., which, 
though united, are separated nearly to their bases, and just south of the 
village of South Acton Faulkner’s Hill is formed in the same manner, 
where the valley between is sufficiently deep for the passage of the 
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highway. Also north of the same village there is first a single hill 
which is not of large size, and just northeast of this another couple 
that are more closely united than those just mentioned. About half- 
way between South and West Acton, on the north side of the railroad, 
is a small drumlin, and then just beyond West Acton station, but in the 
village, is a large drumlin, with its axis N.-10-W. and its summit very 
slightly divided. Just south of this is a small drumlin, with its axis 
nearly E.-W. 

These few drumlins just enumerated are all that occur in Acton, the 
whole northern and eastern portions of the town being free from them, 
with the exception of Strawberry Hill, in the northeast corner. In 
Maynard, besides those previously mentioned, there is one, not very 
large, near the southeast corner of the town. 

In Sudbury, just southeast of the southeast corner of Maynard, is 
Cutting’s Hill, a very typical drumlin with axis very much elongated 
somewhat to the west of north. Then east of, and close to the line of 
the Lowell and Framingham railroad, are the hills just north of the 
centre of the town, Plympton’s Hill, the composite one south of Pantry 
Brook, ard one on the boundary line between Sudbury and Concord. 
Farther to the eastward Round Hill, “rising from the Sudbury mead- 
ows,” as described by Thoreau, is a drumlin nearly circular in plan. 

In Concord there are three prominent drumlins. That known as 
Annursnack, north of Concord Junction, is of considerable size, with 
axis slightly west of north. The maps of the United States Geologi- 
cal Survey give the height of this hill as 390 feet above sea-level. Just 
northwest of Concord Centre isa nearly circular drumlin, on which is 
situated the reservoir that supplies the town with water. Punkatasset 
Hill, northwest of the river road to Carlisle, is the third. This is well 
wooded and has not been very well examined. In Lincoln the only 
drumlin so far examined is a small one just south of the centre. 

In Weston none whatever have so far been noted, though more than 
one-half its area has been investigated. 

The sand plains of the modified drift have not received particular 
attention, and here it will only be noted that the prominent ones occu- 
pying this region are two in number, —the one surrounding Walden 
Pond in Concord, and the one known as Boon’s Plain in Stow and 
Peakham Plain in Sudbury. 

The kames have proved a very interesting feature and have received 
much attention. 

One series traced northward from the farthest southern point known 
starts just north of Boon’s Pond, Stow, passes along the northern end of 
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Boon’s Hill, and disappears below the Assabet River. Rising again on 
the north bank of the river, it winds along the extreme eastern edge of 
the base of Priest’s Hill, sometimes in a single ridge, sometimes in a 
series, and often giving off lateral branches of a few rods in length. 
Northeast of Priest’s Hill it is covered for some distance by a small 
sand plain, but not to sufficient depth to prevent its being traced. In 
the vicinity of Stow Centre it is broken up into a tumultuous series of 
small hillocks, though in some parts keeping its correct form; continu- 
ing northward, it has been traced a short distance north of the Acton 
line. About a mile west of this, in the central part of Stow, is another 
short series, connected with this by a single lateral offshoot continuing 
for about a mile in a slightly northeast direction. Then this series 
seems to be continued in two short pieces in the southwest part of 
Acton, one extending a short distance on each side of the boundary 
line between Stow and Acton, and the other consisting of several paral- 
lel but short ridges near the Boxboro’ boundary on the road from West 
Acton. Another series starts in the extreme northeast corner of Sud- 
bury, and runs a well-defined single ridge for about a mile, when it 
disappears below a sand plain just at the Concord line, to emerge again 
as three parallel ridges on the banks of the Assabet just east of the 
powder mills. Then continuing as a single ridge most of the way, it is 
easily traced across the Fitchburg railroad in Acton nearly to the 
extreme northern point of the town, passing along the eastern slope of 
the high rocky eminence upon which Acton Centre stands. Directly 
in the correct range southward of the starting-point of this series in 
Sudbury, at intervals of a mile or so, there are indications that it may 
extend much farther than it has been traced, but covered from view by 
the sand plains which abound there. In Concord, running first along 
the eastern base of Annursnack Hill, and extending to nearly the north- 
west angle of the town, along the west bank of Spencer Brook, is a well- 
defined series mostly made up of a single ridge, but at the southern 
extremity broken into several nearly parallel ridges. 

On the road leading directly north from Concord Centre toward 
Carlisle a single ridge has been traced for about a mile; but as this 
region is densely wooded, it is not known how much farther this series 
extends. 

In Weston, on the west bank of Stony Brook, beginning about oppo- 
site the Kendall Green Station on the Fitchburg railroad, a well-defined 
kame runs along between the brook and the hill, where for a portion of 
the distance material has silted in behind the kame till it has produced 
a level surface from the top of the kame back to the hillside, giving 
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very strongly the appearance of a terrace. This series continues for 
some distance northward, crossing the railroad, passing to the north of 
Lincoln station, and continuing to the sand plain that surrounds Walden 
Pond. 

This in brief gives a hasty summary of the facts brought to light so 
far in the study of the drift of this very interesting region. No theo- 
ries or conclusions will be here advanced. They will be left for another 


paper, to be written after the conclusion of the work of the coming 
summer. 
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THE NUMBERS OF BACTERIA IN CERTAIN CITY 
TAP-WATERS. 


By EDWIN O. JORDAN. 


In the spring of 1888, as an incidental study, a bacteriological exam- 
ination was made of the tap-waters of Newton, Cambridge, Boston (Co- 
chituate), and Charlestown (Mystic), Mass. All the work was done 
between March 20 and May 13. The samples of water were taken in 
sterilized bottles, brought at once to the Biological Laboratory and 
planted within three hours from the time of collection. From the sta- 
tistics of the Massachusetts State Board of Health I have obtained 
also the analyses of the tap-water of Lawrence, Mass., made during the 
same time. Through the courtesy of Mr. Schultz, of the Boston Signal 
Service Station, the mean daily temperature and the total precipitation 
in inches and hundredths of inches as recorded at the station have 
been tabulated for all the dates on which samples of water were exam- 
ined. The dates, on the whole, fail to show any very decided relation 
between the numbers of bacteria in the water and the general atmos- 
pheric conditions. i 

It should be remembered that the sources of supply of the several 
places are widely separated and that the Boston records give only an 
approximate indication of the precipitation, etc., at the various reser- 
voirs and ponds. Nevertheless, some general conclusion as to the effect 
of rainfall appear to be warranted. 

The two extreme samples of each supply were those taken on the 
following days :— 


May 4, BE os 6 5 see 0 
Newton... 
ree May3, 44... . . April28, 2 
‘ mayat, JIS. ..... . Aprile; 2 
Cambridge . , 
ee Aprily, 644... .. . April2g, 22 
Aen; 3668 se Mwy; 12 
Bost 
ea April 19, 692... . . April28, 22 


March 31,1618 . .. . . April30, 60 

Ch 1 t : ’ ™) 
er ae April 14, 1186 . . . . . April27, 76 
March 24, 206 . . . . . April 28, 24 

L a i 
persian March 31, 184... . . Mayto, 38 
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The high numbers are distributed quite evenly over the whole period, 
but the low numbers are crowded together into about ten days in the last 
part of April. On referring to the table it is seen that between April 
22 and May 1 norain fell. It was the longest “dry spell” during the 
time of investigation. This connection of low numbers of bacteria 
with absence of rainfall suggests more than a mere coincidence. In 
several instances the high numbers of bacteria follow closely upon a 
heavy rainfall. That such is not invariably the case is not remarkable, 
for the local conditions and irregularities in distribution would account in 
part at least for the discrepancies observed. Changes of the tempera- 
ture of the air, accompanying the change of season, have evidently little 
or no effect upon the number of bacteria. The results seem to indicate 
that the main agent in raising the count of bacteria is the amount of 
precipitation. It is not probable that this increase comes directly from 
bacteria in the rain-water or from those caught on its way through the 
air, but that it comes largely from those washed out of the soil. The 
upper layers of earth are known to be abundantly filled with bacteria, 
and a pelting rain that furrows every hillside must undoubtedly wash 
into the ponds and reservoirs immense numbers of these surface bac- 
teria, and also considerable food material. In ordinary wells communi- 
cating more or less freely with the surface the water is found decidedly 
richer in bacteria after a rain-storm. The work of Dr. Theobald Smith * 
points in the same direction. He concludes from his work on the Poto- 
mac water that the high numbers of bacteria in that water in winter 
come directly from the soil. The condition of the surface soil in winter, 
in his opinion, lets the earth wash into the river more easily than in 
summer, when it is bound together with vegetation and protected by 
overhanging trees. I have not been able to trace in this locality any 
such relation. between the time of year and the number of bacteria in 
the water. The effect of rainfall, however, in a general way appears to 
be considerable, and is dependent on varying local conditions, rather 
than on any general climatic changes. 

That the banks of reservoirs, filter-basins, etc., are often richly 
manured is of a certain interesting significance for us. 


* Medical News, Aprilo 587. 


Edwin O. Jordan. 












































* Boston Signal Service Station. 
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1888. Newton. Boston. | Cambridge. Lawrence. “a Peg or ol 
.03 
March 20 10 156 a 107 46.7 75 
22 4 112 _ 68 37.3 -06 
23 6 208 — — 20.0 _ 
24 22 152 — 206 19.0 _ 
26 20 230 — _ 31.3 .23 
27 10 — — 99 37.0 43 
28 6 138 -- a 41.7 32 
29 14 84 44 141 41.7 .20 
30 10 _ 224 — 41.7 
31 4 62 278 184 42.7 — 
2 12 416 32 = | oe 1a 
4 26 238 168 98 40.3 oa 
6 10 106 82 - | oe 11s 
7 24 1684 240 _— 39.3 — 
9 30 54 64 —_ 35.7 _ 
10 28 226 54. — 35.3 stl 
II 20 222 306 — 40.0 .29 
12 12 36 — — 43.3 -O1 
13 16 236 134 — 37.3 a 
14 12 360 — — 38.3 11 
16 16 210 26 on 40.7 1-09 
17 8 160 58 — 43.0 os 
18 14 122 32 _ 44.0 .05 
19 26 592 — a 48.0 oo 
21 es aif 76 = | we 1 
23 4 118 22 a 42.0 at. 
24 6 118 22 — 39.7 — 
25 4 126 oa — 40.3 _ 
26 10 84 30 _ 53.0 a 
27 12 30 36 _ 50.3 — 
28 2 22 34 24 56.0 as 
30 6 24 40 —_— 43.7 — 
I 0 12 90 _ 41.7 } -08 
3 44 124 212 ose 45.3 m8 
> 52 58 644 _ 57.0 =~ 
8 12 90 182 40 56.3 J he 
9 24 66 82 aa 56.3 53 
10 12 26 — 83 62.3 01 
II 18 144 1100 — 45.7 38 
12 16 142 308 128 52.7 1.42 
Newton Average of 39 ana 15 
Boston . 189 
Cambridge ve id 201 
Charlestown . Pe et 295 
Lawrence . e “i 103 








1889. | Refrigerating Machines. 325 


REFRIGERATING MACHINES.* 


By C. H. PEABODY, S.B. 


In the discussion of heat engines it appears that the simplest cycle 
described by such an engine is that for Carnot’s ideal engine repre- 
sented by Fig. 1. 


P 
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Fic. I. FIG, .2. 














When the working substance in the cylinder P is a gas, the cycle 
represented by Fig. 2 is composed of two isothermal lines, AB and 
CD, and of two adiabatic lines, BC and DA. When the working sub- 
stance is a mixture of a liquid and its vapor, the two isothermal lines 
become parallel to the axis OV, but the order of events is in nowise 
altered. 

When working direct, Carnot’s engine takes from the source of heat 
A a quantity of heat Q, changes a part into mechanical energy, rejects 
the remainder Q,, to the refrigerator B. The efficiency 


_AW_Q-Q_T-7, 
e ¢ 7; 


increases with the difference of temperatures of the source of heat and 
the refrigerator. 

If the engine be reversed so that it describes the cycle in the order 
ADCBA, it takes heat from the refrigerator, adds thereto the heat equiv- 
alent of the work of the cycle, and delivers the sum to the source of 
heat, and thus becomes a refrigerating machine. It is apparent that in 
this action it is desirable to do as little work as possible on the working 
substance, and that this condition is fulfilled by making the difference 
of temperatures as small as possible. 

In practice, it is found convenient to supply to a heat engine at each 
stroke a quantity of the working substance at a high temperature, 





0 


* Copyrighted by C. H. Peabody. 
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which does work on the piston and is rejected at a lower temperature. 
Thus the steam engine takes steam from the boiler which serves as a 
source of heat, and after abstracting some of the heat in the form of 
work, rejects the steam to the condenser or refrigerator. In like man- 
ner refrigerating machines take a supply of the working substance from 
the refrigerator or refrigerant, do work upon it, and deliver it at a higher 
temperature to a receptacle which is known as the cooler or condenser, 
but which takes the place of the source of heat or boiler. 

Two forms of refrigerating machines are in common use, air refrig- 
erating machines, and compression refrigerating machines using a sat- 
urated vapor, such as the ammonia refrigerating or ice machine. 
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Air Refrigerating Machine.—The general arrangement of an air 
refrigerating machine is shown by Fig. 3. 

It consists of a compression cylinder A, an expansion cylinder B of 
smaller size, and a cooler C. It is commonly used to keep the atmos- 
phere in a cold storage room at a low temperature, and has certain ad- 
vantages for this purpose especially on shipboard. The air from the 
storage room comes to the compression at or about freezing point, is 
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compressed to two or three atmospheres, and delivered to the cooler, 
which has the same form as a surface condenser, with cooling water 
entering at ¢ and leaving at f From the cooler the air, usually some- 
what warmer than the atmosphere, goes to the expansion cylinder Z, in 
which it is expanded nearly to the pressure of the air and cooled to a 
low temperature, and then delivered to the storage room. The inlet 
valves a,a, and the delivery valves 4, 6, of the compressor, are moved 
by the air itself; the admission valves ¢, c, and the exhaust valves d, d, 
of the expansion cylinder, are like those of a steam engine, and must 
be moved by the machine. The difference between the work done on 
the air in the compressor, and that done by the air in the expansion 
cylinder, together with the friction work of the whole machine, must 
be supplied by a steam engine or other motor. 

The effect of clearance in the compression cylinder is to increase 
the size required for a certain performance. The exhaust valves of 
the expansion cylinder should be so set that the clearance shall be 
filled by compression with air at nearly, if not quite the admission 
pressure, and the cut-off should be such that the air shall expand down 
to the back pressure. 

This latter is always of importance for the efficient action of. the ma- 
chine ; but if the clearance is small, the compression is of less moment. 

It is customary to provide the compression. cylinder with a water 
jacket to prevent overheating, and frequently a spray of water is thrown 
into the cylinder to reduce the heating and the work of compression. 
Sometimes the cooler C, Fig. 3, is replaced by an apparatus resembling 
a steam-engine jet condenser, in which the air is cooled by a spray of 
water. In any case it is essential that the moisture in the air as well 
as in the water injected should be efficiently removed before the air is 
delivered to the expansion cylinder, otherwise snow will form in that, 
cylinder and interfere with the action of the machine. Various me- 
_ chanical devices have been used to collect and remove water from the air, 
but air may be saturated with moisture after it has passed such a device. 

The Bell-Coleman company use a jet cooler, with provision for col- 
lecting and withdrawing water, and then pass the air through pipes in 
the cold room on the way to the expansion cylinder. The cold room is 
maintained at a temperature a little above freezing point, so that the 
moisture in the air is condensed upon the sides of the pipes and drains 
back into the cooler. The same machine as made by Menck and Ham- 
brock, is provided with a device for removing moisture from the air, 
that is shown by Fig. 4. Air from the cooler comes in by the pipe a, is 
distributed by the annular perforated pipe 4, and passes out to the ex- 
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pansion cylinder by the pipe c. The chamber £ is surrounded by a 
jacket, through which passes the cold air on the way from the expansion 
cylinder to the cold room. Since the 
air in the jacket is many degrees below 
freezing point, walls of the chamber £ 
are quickly covered with frost, which 
accumulated till a considerable thick- 
ness is attained ; afterwards, the mois- 
ture condenses and runs down to the 
bottom of the chamber, from whence 
| | it is withdrawn. 

. A coil of steam pipe d,d is provided 
for thawing ice and snow that may 
accumulate at the bottom of the cham- 

ber. Since the same air is used con- 
if* d a tinuously, being taken from the cold 
S220 o8 room, chilled, and returned, the effect of 
these devices is to remove the moisture 
Fic. 4. from the air in the cold room, and to 
maintain a cold, dry atmosphere in it, 
which is well adapted to preserving all kinds of perishable provisions. 

When an air refrigerating machine is used as described, the pressure 
in the cold room is necessarily that of the atmosphere, and the size of 
the machine is large as compared with its performance. The perform- 
ance may be increased by running the machine on a closed cycle with 
higher pressure; for example, cold air may be delivered to a coil of 
pipe in a non-freezing salt solution, from which the air abstracts heat 
through the walls of the pipe and then passes to the compressor to be 
used over again. The machine may then be used to produce ice, or the 
brine may be used for cooling spaces or liquids. A machine has been 
used for producing ice on a small scale without cooling water on the re- 
verse of this principle; that is, atmospheric air is first expanded and 
chilled and delivered to a coil of pipe in a salt solution, then the air is 
drawn from this coil, after absorbing heat from the brine, compressed 
to atmospheric pressure and expelled. 

Calculation of Air Refrigerating Machine. —The performance of a 
refrigerating machine may be stated in terms of the number of thermal 
units withdrawn in a unit of time, or in terms of weight of ice produced. 
The latent heat of fusion of ice may be taken to be 80 calories, or 744 
B.T.U. 

Let the pressure at which the air enters the compression cylinder be 


é 
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py that at which it leaves be #.; let the pressure at cut-off in the ex- 
panding cylinder be fs, and that of back pressure in the same be £,; let 
the temperatures corresponding to these pressures be 4, f, 4, and ty, 
or record from the absolute zero, 7;, 72, 73, and 7, With proper valve 
gear and large, short pipes communicating with the cold chamber, f, 
may be assumed to be equal to f,, and equal to the pressure in that 
chamber. Also 4, may be assumed to be the temperature maintained in 
the cold chamber, and ¢, may be taken to be the temperature of the air 
leaving the cooler. With a good cut-off mechanism and large passages 
p~,; may be assumed to be nearly the same as that of the air supplied to 
the expanding cylinder. Owing to the resistance to the passage of the 
air through the cooler and the converting pipes and passages, ~, is con- 
siderably less than fo. 

The expansion in the expanding cylinder may be assumed to be 
adiabatic, so that 





i. or 
T; 3 


Were the compression also adiabatic, the temperature f, could be de- 
termined in a similar manner; but the air is usually cooled during com- 
pression, and contains more or less vapor, so that the temperature at 
the end of compression cannot be determined from the pressure alone, 
even though the equation of the expansion curve be known. 

Let the air passing through the refrigerating machine per minute be 
M; then the heat withdrawn from the cold room is 


Q, = Me, (4 — 4)- (1) 


The work of compressing J/ units of weight of air from the pressure 
f; to the pressure #2 in a compressor without clearance is 


n-1 
W.= I} po §” pdo—p0,} = Mp0," | & rar} @) 
v n—Tt A 
provided that the compression curve can be represented by an expo- 
nential equation. 
The work will be the same for a compressor with clearance if the ex- 


ponent for the equation to the expansion curve is the same as that for 


the compression curve. If the compression can be assumed to be adia- 
batic, 








«—1 
W, = Mp {(4) ‘ -t} = Ma(4,- 1); (3) 
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for in such case we have the equation 


7; a! —I 
77(4) o AR = 6, — 6, = 6 — 


K 





The work done by the air in the expanding cylinder should be calcu- 
lated in the manner used in designing a steam engine. If the ex- 
pansion and compression are both complete, then the work done by 
M units of weight of air is 


Mi 
W.= (4-4). . 
The work that must be supplied per minute is 
W=W.—W.,, 


and the net horse-power required is 


W 
33000 





HP; 


but the gross horse-power required is much larger, since all the frictional 
resistances must be overcome, including the friction of both pistons. 
The proper allowance can readily be determined on a machine with a 
steam engine coupled direct, by indicating both of the air cylinders and 
the steam cylinder simultaneously. The heat carried away by the cool- 
ing water is 
Q=A+A4W. (5) 


If compression and expansion are both adiabatic, then 
Q= Mi, (4-44+4—-—4-—444)=Mz,(4—4). (6) 


If the initial and final temperatures of the cooling water are 4, and 
4, and if g; and g, are the corresponding heats of the liquid, then the 
weight of cooling water per minute is 


| 
W%— % 





A good supply of cooling water and a method of regulating it, should 
be provided ; so that an approximate calculation may be made for every 
case, under the assumption of adiabatic compression and expansion by 
the equation 

Me, (to — &) | 


Ga) (7) 


Ti %i 








18809. | Refrigerating Machines. 331 


The volume of compression piston displacement regulating clearance is 





Veco OT we Ag, oy (8) 
2n = 2 np, 1 2np, 
in which z is the number of revolutions per minute, and fo, %, 7» are 
the pressure volumes and absolute temperature at atmospheric pressure 
and at freezing point. 

If it be assumed that f, is the same as f;, then the volume of the ex- 
panding cylinder without clearance may be assumed to be 

T; 


Via Ve (9) 
1 


If the clearance of the compressor is + of the piston displacement, 
mM . 


then the volume of air in the cylinder when the inlet valve opens is 


1 (d\n 
m\ p,)’ 


and the volume calculated by equation (8) should be multiplied by 


y +1 (A)_2 
m Pi m 


If the expansion and compression in the expanding cylinder are com- 
plete, the same expansion may be used to allow for clearance in that 
cylinder, making z equal to x. 

To allow for loss of pressure in valves and passage and for other im- 
perfections, both of these volumes may be increased by an amount to be 
determined by experiment. 

In practice, the expansion is seldom carried down to the back pres- 
sure in the expanding cylinder, nor is the compression complete, and the 
volume is smaller than that given by equation (9). 

The temperature 7, may be controlled by the cut-off of the expand- 
ing cylinder, and thus the performance of the machine may be varied. 

As the-cut-off is shortened, f is increased and 7 is diminished, and 
this in turn makes V, smaller compared with /,.. 

Problem. — Required the dimensions of an air refrigerating machine 
to produce an effect equal to the melting of 200 pounds of ice per hour. 
Let the pressure in the cold chamber be 14.7 pounds, and the tempera- 
ture 32° # Let the pressure at cut-off in the expanding cylinder be 
29.4 pounds by the indicator, or 44.1 pounds absolute. Let the delivery 
pressure in the compressor be 39.4 pounds by the indicator, ze. let the 
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loss of pressure in the cooler and passages be 10 pounds. Let the 
initial and final temperatures of the cooling water be 60° and 80° F., and 
the temperature of the air from the cooler, go° F. 

Let the machine make 60 revolutions per minute. 

The melting of 200 pounds of ice per hour is equivalent to 28,800 
B.T.U. per hour, or 480 B.T.U. per minute. 

Assuming adiabatic compression and expansion 

14.7 


9.4 : 
i bese ss Ce i eC ee o, F, 
T= 492.7 (347) =360; .°.4 100.°7 


0.4 
ai 54-1 \ta_ ee 
7,=492.1( S41) = 714.9; +4 = 254.2 
The air used per minute is therefore 

480 + (32 + 100.7) X 0.2375 = 12.10 pounds. 


The horse-power of the compression cylinder with an adiabatic com- 
pression is 
W, 12.1 X 778 X 0.2375 X (254.2 — 32) 
33000 - 33000 





= 15.0 H.P. 


If the compression curve may be represented by 


po'* = const., 


then the work of compression will be 


0.2 
i 1.2.{ ($4-1\i ot i 
W,=12.1 X 144 X 14.7 X 12.4.X —— { (2) I ' = 49,230 foot-pounds, 


and the horse-power is therefore 14.0. 
The horse-power of the expanding cylinder is 


W, 12.1 X 778 X 0.2375 X (32+ 100.7) _ 
33000 33000 = 





6:0°H-P. 


The net horse-power required is therefore 6 H.P. or 5 H.P., and the 
indicated horse-power of the steam cylinder may be assumed to be 8 
H.P., or 62 H.P., according to the manner of the compression. 

The volume of the compression piston displacement without clear- 


ance will be 
12.1 X 12.4 


= 1.25 cubic feet. 
120 


The volume of the expanding cylinder under the same condition is 


6 
1.25 X a 0.91 cubic feet. 
492.7 
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If the clearance of the compressor be assumed to be 0.02, the piston 
displacement should be 


1 
1.25 | I + 0.02 (i) — 0.02 = 1.4 cubic feet. 

If the clearance of the expanding cylinder be assumed to be 0.05, the 
piston displacement should be 


a 
at — 0.05 ; = 0.96 cubic feet. 
14.7 


0.91 | I +0.05( 

If, further, an allowance of ten per cent be made for imperfections, 

the dimensions may be: diameter, compressor, 17 inches; diameter, 
expanding cylinder, 14 inches ; stroke, 12 inches. 

Compression Refrigerating Machine.— The arrangement of a refrig- 

erating machine using a volatile liquid and its vapor is shown by Fig. 5. 
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Fic. 5. 


The essential parts are the compressor A, the condenser JS, valve D, 
and the vaporizer C. The compressor draws in the vapor at a low pres- 
sure and temperature, compresses it and delivers it to the condenser, 
which consists of coils of pipe surrounded by cooling water that enters 
at e and leaves at f. The vapor is condensed, and the resulting liquid 
gathers in a reservoir in the bottom, from whence it is led by a small 
pipe having a regulating valve D to the vaporizer or refrigerator. The 
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refrigerator is also made up of coils of pipe, and is immersed in a non- 
freezing solution of salt, commonly chloride of calcium. 

The volatile liquid vaporizes and withdraws heat from the surround- 
ing brine, and reduces the temperature below freezing point of water. 
In the figure, the machine is represented to be applied to ice making, 
the water being introduced and frozen in properly shaped moulds of 
thin metal. 

When the machine is used to cool a room, the vaporizer may be 
made up of a system of pipes arranged to withdraw heat from the air, or 
brine may be cooled and circulated through such a system of pipes. 
When brine is used, either in ice making or in cooling, a positive circu- 
lation should be given it by a pump or the equivalent. 

In Fig. 5, the compressor is represented as single acting, but for 
horizontal machines it is commonly made double acting. Frequently the 
compressor has two single-acting vertical cylinders driven by a horizon- 
tal steam engine coupled to the shaft. Such compressors sometimes 
have the clearance filled with oil, of which part is forced through the 
delivery valves, and allowed to flow back into the cylinder during the 
inflow of vapor. In any case, it is of great importance that the ‘clear- 
ance shall be reduced to the smallest amount possible. To make the 
cycle of the machine complete, the liquid from the condenser should be 
allowed to do work in an expansion cylinder like that of an air refrig- 
erating machine, instead of flowing through the regulating valve D. 
The size of such a cylinder would be small, and the work recovered, in- 
significant, so that’none of the machines in use are provided with such 
an expansion cylinder. 

Calculation of Compression Machine. — Let the pressure in the con- 
denser be f;, the temperature 4, and the heat of the liquid g,. Let the 
pressure in the vaporizer or refrigerator be f2, the temperature “, and 
the total heat of vaporization A». The heat withdrawn from the refriger- 
ant to change one unit of weight of liquid at the temperature 4 into 
saturated vapor at the pressure / is 


Ao Ay 


so that the heat withdrawn per minute by a machine using / units of 
weight of the working fluid per minute is 


Q,=M(2.—4)- (10) 


Even though the compressor cylinder be water-jacketed, the walls 
are at a considerably higher temperature than the entering vapor, and 
the pressure during admission is a little lower than that in the vapo- 
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rizer. Also, most of the vapors now used in such machines are super- 
heated by adiabatic compression. Therefore it is probable that the 
vapor is superheated during compression, even though it be moist as it 
leaves the vaporizer. For an approximate calculation it may be assumed 
that the pressure in the cylinder during admission is f2, that the vapor 
is dry and saturated at the beginning of compression, and that it is com- 
pressed adiabatically and superheated during the entire compression. 

It will be shown that ammonia and sulphur dioxide, when moderately 
superheated, have the approximate characteristic equation 





3 
pu=BT-O&., (11) 


and that during an adiabatic change we have the equation 


av? © (12) 
TZ, \b/ & 

During the expulsion of vapor from the compressor, the pressure in 
the cylinder is a little higher than in the condenser, but it may be 
assumed to be the same for our approximate calculation. The tem- 


perature of the vapor leaving the compressor and entering the conden- 
ser may consequently be calculated by the equation. 


Lar. 
: zn (2) (13) 


The heat that must be withdrawn by the cooling water is, therefore, 








Q=M}6,(4—4) +n}, (14) 


in which ¢, is the specific heat of the superheated vapor, at constant 
pressure, and % is the heat of vaporization at the pressure /,. 

If the initial and final temperature of cooling water are ¢,and 4, and 
if g, and g, are the corresponding heats of the liquid for water, then the 
weight of cooling water used per minute is 





_ Me, (4 — A4)+n 
qi — 9: 


G (15) 


For the first approximation, the horse-power of the compressor may 
be calculated by the expression 


778 X M$ ¢,(¢t,-—4) +A — Ac} 
33000 





(16) 
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The power thus calculated should be multiplied by a factor to be 
found by experiment, in order to find the probable indicated horse- 
power of the compressor, and the indicated horse-power must be multi- 
plied by another factor to find the power required to drive the machine, 
or by a factor to find the indicated horse-power of a steam engine 
coupled to the shaft driving the compressor. If the actual pressure in 
the cylinder of the compressor during admission and delivery are p" and 
?’', if the specific volume at the beginning of compression is v", and if 
the compression and expansion curves may be represented by the 
equation 2 








po", 
then the horse-power of the compressor may be found by the expression 
Mp" gl! n ( p' = me ' f 
33000 Partie, ; as 


If the vapor at the beginning of compression can be assumed to be 
dry and saturated, then the volume of the piston displacement of a 
compressor without clearance, and making J strokes per minute, is 


= « 
To allow for clearance, the volume thus found may be multiplied by 
the factor ° 
1 
1/fi\n 1 
I +2(4) “ (19) 


in which + is the clearance expressed as a fraction of the piston dis- 
m 


placement. The volume thus found is further to be multiplied by a 
factor to allow for inaccuracies and imperfections. The vapors used in 
the compression machines are liable to be mingled with air or moisture, 
and in such case the performance of the machine is impaired. To allow 
for such action, the size and power of the machine must be increased 
practice above those given by calculation. It would appear that proper 
precautions ought to be taken to prevent such action from becoming of 
importance. 

‘Problem. — Required the dimensions of an ammonia refrigerating 
machine to produce 2000 pounds of ice per hour. Let the temperature 
of the salt solution be 14° F., and the temperature in the condenser 86° F. ; 
let the initial and final temperatures of the cooling water be 60° and 
80° F. Let the compressor be double acting, and let it make 60 revo- 
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lutions per minute. The pressures corresponding to the temperatures 
14° and 86° are 41.5 and 168.2 pounds, absolute, per square inch; or 
26.8 and 153.8 pounds by the gauge. For ammonia £=4 mm. by 
equation (13) 


168.2\# 
T, = (14 + 460.7)( =) = 673.73 
é,== 213° F. 


If 5 per cent be allowed for ice wasted in removing it from the 
moulds, and for other losses, the capacity of the machine per minute 


must be 
2100 X 144 _ 
a = 5040 BEG 
*. (i= 5040 = M (Az, — 91) = (554 — 59). 
= 2 = 10.2 pounds. 
495 


The heat withdrawn by the cooling water is 

Q=M $c, (4—A)+n $3 

Q = 10.2 $0.508(213 — 86) + 497$= 5727 B.T.U. 
The cooling water required per minute is consequently 


—<  . — 
si Ge—Ji 48.09 — 28.12 287 pounds. 
The horse-power will be, approximately, 


778 M 3c, (4— A) +m—Ah _ 778 X 10.2$0.508 (213 — 86) + 556— 2973 _ 
33000 33000 





The horse-power of the steam cylinder may be assumed to be 
77.8 + 0.80 = 97.2. 


On the assumption that the vapor in the compressor is dry and sat- 
urated at the beginning of compression, the volume of the piston dis- 
placement, not allowing for clearance, is 


BM, AAT 5-15 cubic feet. 
NV 2 X 60 


V=—2 


If we allow 10 per cent for the effect of clearance and imperfect ac- 
tion, then the volume should be 5.7 cubic feet, or about 20} inches in 
diameter by 30 inches, stroke. 
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Fluids Available. — The fluids that have. been used in compression 
refrigerating machines are ether, sulphurous acid, ammonia, and a mix- 
ture of sulphurous acid and carbonic acid, known as Pictet’s fluid. 

The pressures of the vapors of these fluids at several temperatures, 
and also the pressures of the vapors methylicether and carbonic acid are 
given in the following table :— 


PRESSURES OF VAPORS (mm. of Mercury). 











Temperatures. 
Degrees- Ether. _— Methylether. Ammonia. Pasir Pictet’s fluid. 
centigrade. 

— 30 — 287.5 576.5 866.1 _ 585 
— 20 68.9 479.5 882.0 1392.1 15142 745 
—10 114.7 762.5 , 1306.6 2144.6 20340 1018 

0 184.4 1165.1 1879.0 8183.3 26907 1891 

10 286.8 1719.6 2629.0 4574.0 34999 1938 

20 432.8 2462.1 3586.0 6387.8 44717 2584 

30 634.8 3431.8 4778.0 8701.0 56119 3382 

40 907.0 4670.2 — 11595.3 69184 4347 





























= 


Ether was used in the early compression machines, but at the tem- 
peratures maintained in the refrigerator, the pressure is small and the 
specific volume large, so that the machines were either feeble or bulky. 
Moreover air was liable to leak into the machine and unduly heat the 
compressor cylinder. Sulphurous dioxide has been used successfully, 
but it has the disadvantage that sulphuric acid may be formed by the 
leakage of moisture into the machine, in which case rapid corrosion 
occurs. Ammonia has been extensively used in the more recent ma- 
chines with good results. When distilled from an aqueous solution it is 
liable to contain considerable moisture. As is shown by the table, 
Pictet’s fluid has a pressure at low temperatures intermediate between 
the pressures of sulphuric dioxide and ammonia, and the pressure 
increases slowly with the temperature. 

The properties of saturated vapor of ether were determined by Reg- 
nault. For the other vapors given in the table (except Pictet’s fluid), 
he determined the relations of the temperature and pressure, but not 
the total heat of refrigeration nor the heat of the liquid. He did, 
however, determine some of the properties of these substances in the 
gaseous state, or more properly, in the state of superheated vapors. 
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It was first proposed by Ledoux* that the properties of superheated 
vapors of sulphur dioxide and ammonia can be represented by: equa- 
tions of the form deduced by Zenner for superheated steam, and that 
the application of those equations to the saturated vapors as the 
limit, makes it possible to calculate the properties of the saturated 
vapors approximately. His equations do not represent all the prop- 
erties of the saturated vapors given by Regnault ; consequently new 
equations have been calculated for both French and English units. 

Properties of Sulphur Dioxide.— The specific heat of gaseous 
sulphur dioxide is given by Regnault ¢ as 0.15438, and the coefficient 
of dilatation as 0.0039028. The theoretical specific gravity compared 
with air, calculated from the chemical composition, is given by Landolt 
and Bornstein $ as 2.21295. Gmelin § gives the following experimental 
determination, by Thomson, 2.222; by Berzilius, 2.247. The figure 
2.23 will be assumed in this work, which gives for the specific volume 
at freezing point and at atmospheric pressure 


Y= 0.7735327 = 


a ee 


cubic meters. The corresponding pressure and temperature are 10,333, 
and 273°.7C. Now the coefficient of dilatation is the ratio of the in- 
crease of volume at constant pressure for one degree of increase of tem- 
perature, to the original volume. The general equation for a super- 
heated vapor may be written 


po =" aT— Cp"; (20) 


consequently we have o° C. and 1° C. 


- ¢, 
Lm = A aT)— Che; 


C 
Lr= - aT, — Cp’; 


Ny—-%Mm ¢ 


ud & Ss 
Up 


at ee 





Substituting the known values and solving for a, we obtain 0.212; 
but the results obtained from the equation (20) with this figure does not 
agree well with Regnault’s experiments on the compressibility of sul- 
phur dioxide. 


* Annals de Mines, 1878. | ¢ Memoirs de la Institut de France, Tome xxi., xxvi. 
} Physikalische-chemische Tabellen. § Watt’s translation, p. 280. 
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If, instead, we make 
a= 0.22, 


then by equation (20) the coefficient of dilatation becomes 0.00404, and 
it will be shown later that the equation deduced with this volume agrees 
quite well with the experiments on compressibility. 

The coefficient of Z in equation (20) is therefore 


0.15438 X 426.9 X 0.22 = 14.5, 
and the coefficient of 9° is 


145 X £73-7 — 20833 X 0.347 19 pearty, 
10333 








so that the equation becomes 
pou=14.5 T— 487. (21) 
Regnault found for the pressures 


fi= 697.83 mm. of mercury, 


p2= 1341.58 mm. of mercury, 


and at 7.°7 C., the ratio 


AM 
——— = 1.02088, 
Peds 


Reducing the given pressures to kilogrammes on the square inch and 
the temperatures to the absolute scale, and applying to equation (20), 
we obtain instead of the experimental value for the above ratio 1.016. 

Regnault gives for the pressure of saturated sulphur dioxide, in mm. 
of mercury, the equation 


log p= a — ba" — cB"; 
a= 5.6663790 ; 

log 4 = 0.4792425 ; 

log ¢ = 9.1659562 — 10; 

log a = 9.9972989 — 10 ; 

log B = 9.98729002 — 10; 

n= t+ 28°C. 
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The differential coefficient may be calculated by the following 

equation : — 

. at _ A n B ° 

 aatemaaiiias Bs 

log a = 9.9972989 ; 

log B = 9.98729002 ; 

log A = 8.6352146 ; 

log B = 7.994533? ; 

n= t+ 28°C. 


The specific volume of saturated sulphur dioxide may be calculated 
by inserting in equation (21) for the superheated vapor, the pressures 
calculated by aid of the equation at the bottom of page 340. The results 
at several temperatures are as follows : — 

t — 30°C. fe) + 30°C, 
S 0.8292 0.2256 0.0825 


Andréeff * gives for the specific gravity of fluid sulphur dioxide 
1.4336. Consequently the specific volume of the liquid is 


o= 0.0007. 


The value of 7, the heat of vaporization, may now be calculated at 
the given temperatures by equation (22). 


r=AuT = (22) 
at 
in which 
u=s—do. 
The results are 
t — 30° C. ° + 30° C. 
r 106.9 97.60 90.54 


Within the limits of error of our method of calculation the value of 
v may be found by the equation 


r= 98 —0.274. 
To find the specific heat of the liquid, we may use equation (23) f, 
obtained by equating expressions for the differential coefficient of the 
entropy of saturated steam and superheated steam. 


wat - Late aS. 
cox af 4 c+o-2 (23) 


* Ann. Chem. Pharm., 1859. + Thermodynamics of the Steam Engine, p. 120. 
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At o° C. the specific heat is approximately 
C= 0.4. 


In English units we have for superheated sulphur dioxide 
po= 26.4 T— 1847; (24) 


the pressures being in pounds on the square foot, the volumes in cubic 
feet, and the temperatures in Fahrenheit degrees absolute. 
For pressures in pounds on the square inch at temperatures in Fahr- 
enheit scale 
log p = a — ba" — cB"; 
@ = 3.9527847 5 
log 6 = 0.4792425 ; 
log ¢ = 9.1659562 — 10; 
log a = 9.9984994 — 10; 
log 8 = 9.99293890 — 10 ; 
n=t+18°.4 F. 


For the heat of vaporization 
r= 176 —0.27(¢— 32), (25) 
and for the specific heat of the liquid 
C=04; 


Properties of Ammonia. — The specific heat of gaseous ammonia, 
determined by Regnault, is 0.50836. The theoretical specific gravity 
compound with air, calculated from the chemical composition, is given 
by Landolt and Bornstein as 0.58890. Gmelin gives the following ex- 
perimental determinations, by Thomson, 0.5931; by Biot and Arago, 
0.5967. For this work the figures 0.597 will be assumed, which gives 
for the specific volume at freezing point and at atmospheric pressure 


n= 21135527 5 50 


0.597 
cubic metres. The coefficient of dilatation has not been determined, 
and consequently cannot be used to determine the value of a in equa- 
tion (20). It however appears that very consistent results are obtained, 
if a is assumed to be 4, as for superheated steam. The coefficient of 7 


then becomes 
0.50836 X 426.9 X } = 54.3, 











1889.] Refrigerating Machines. 343 


and the coefficient of pe is 
54-3 X 273-7 — 10333 X 1.30 
I: | 
10333, 





= 142, 


so that the equation becomes ; 
po = 54.3 T— 142 ft. (26) 


The coefficient of dilatation calculated by the same process as that 
used in determining a@ for sulphur dioxide, is 0.00404, which may be 
compared with that for sulphur dioxide. 

Regnault found for the pressures 


fi = 703.50 mm. of mercury, 
p2= 1435-3 mm, of mercury, 
and at 8°.1 C, the ratio 


pyr 


Pde 


while equation (26) gives under the same conditions 1.0200. 
For saturated ammonia, Regnault gives the equation 


= 1.0188, 


log p= a — ba" — cf”. 
@ = 11.5043330 ; 
log 6 = 0.8721769 ; 
log ¢ = 9.9777087 — 10; 
log a = 9.9996014 — 10; 
log B = 9.9939729 — 10 ; 
n=t+22°C; . 
by aid of which the pressures in mm. of mercury may be calculated for 


temperatures on the centigrade scale. The differential coefficient may 
; be calculated by aid of the equation 


1 ap 
pat 
log A = 8.1635170 — 10: 


= Aa" + BB” 


log B = 8.4822485 — 10; 
log a = 9.9996014 — 10; 
log B = 9.9939729 — 10; 
n=t+ 22°C. 
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The specific volumes of saturated ammonia calculated by equation 
(26) at several temperatures are 


t — 30° C, 0° + 30° C, 
s 0.9982 0.2961 0.1167 


Andréeff gives for the specific gravity of liquid ammonia at o°C., 
0.6364, so that the specific volume of the liquid is 


o = 0.0016. 


The values of r at the several given temperatures calculated by equa- 
tion (26) are 
— 30° C. fe) + 30° C. 


325-7 300.15 277-5 
which may be represented by the equation 
r = 300 — 0.8/4, (27) 
The specific heat of the liquid calculated by aid of equation (180)* is 
c¢=I.1. 
In English units the properties of superheated or gaseous ammonia 
may be represented by the equation 
po=99T— 540 p14, (28) 
in which the pressures are taken in pounds on the square foot, and vol- 
umes in cubic feet, while Z represents the absolute temperatures in 
Fahrenheit degrees. 
The pressure in pounds in the square inch may be calculated by the 
equation 
log p = a — ba" — cB”. 
@ = 9.7907380 ; 
log 6= 0.8721769 — 10; 
log ¢ = 9.9777087 — 10; 
log a = 9.9997786 — 10 ; 
log B = 9.9966516 — 10; 
n=t+7°.6 F. 
The heat of vaporization may be calculated by the equation 


r= 540 —0.8(¢— 32) (29) 
and the specific heat of the liquid is 


¢=I.I1. 


* Thermodynamics of the Steam Engine. 
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Pictet’s Fluid. — Attention has already been called to the mixture of 
sulphur dioxide, carbon dioxide, known as Pictet’s fluid, which was 
adopted by Pictet for use in his refrigerating machines after an 
extended investigation. 

The desirable properties are stated by him to be :— 


1. The tension of the vapor should be greater than that of sulphur 
dioxide and less than that of ammonia. The boiling point under atmos- 
pheric pressure should be about — 20° C. 

2. The tension of the vapor in the condenser at about + 30° C., 
should be between 7 and 8 atmospheres. 

3. The fluid should be incombustible. 

4. The fluid should not attack metals. 

5. The fluid should have such a chemical composition that changes 
of volatility during use need not be feared. 

6. The fluid should be of an unctious nature, so that oil need not be 
used on the piston of the compressor. 

7. The fluid should be inexpensive. 


An investigation of the properties of various fluids shows that the 
addition of oxygen to any compound, whether it entered in solution 
or into chemical combination, diminished the volatility. Thus carbon 
monoxide boils at — 140° C., while carbon dioxide boils at — 75°C. ; 
sulphur dioxide boils at — 10°C. and anhydrous sulphurous acid boils 
at +32°C., while the hydrate boils at +326° C. 

Other examples are given by Pictet, showing the same result. As a 
result of experiments on the mixture of sulphur dioxide and carbon di- 
oxide, he gives the following table of boiling points. The formula ex- 
presses the proportion of the elements in the mixtures, but are not to 
be taken to represent chemical compounds. 


Boiling Point. Boiling Point C. 
CyOxeS —71° COS: —15° 
CyOgS —54° co, §, — 12° 
CyOuS —4r° COS, —9.°5 
C028 — 26° CO,S; — 8.°6 
COS — 19° CO,Ss — 8° 
COS; aa 





The mixture, which may properly be expressed by the formula 
CO,+S0O,, was found to fulfil all the seven desirable properties. And 
as is shown by the table on page (338), the pressure increases less 
rapidly with the temperature than for simple vapors; so that while the 
pressure at — 30°C. is double that of sulphur dioxide, the pressure at 
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+ 30°C. isa little less than that of that fluid. This remarkable property 
appears to be due to the increased solvent action of the two fluids on 
each other at higher pressures, which acts to diminish the mechanical 
work of compression from one temperature to another; for example, in 
the compressor of a refrigerating machine. 

Absorption Refrigerating Apparatus. — Figure 6 gives an ideal dia- 
gram of a continuous absorption refrigerating apparatus. It consists of 
the following essential parts: (1), the generator B containing a concen- 
trated solution of ammonia in water, from which the ammonia is driven 
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by heat; (2), the condenser C, consisting of a coil of pipe in a tank 
through which cold water is circulated ; (3), the valve V for regulating 
the pressures in C and in /; (4), the refrigerator /, consisting of a coil 
of pipe in a tank containing a non-freezing salt solution; (5), the ab- 
sorber A, containing a dilute solution of ammonia in which the vapor of 
ammonia is absorbed ; and (6), the pump FP for transferring the solution 
from the bottom of A to the top of B; there is also a pipe connecting 
the bottom of B with the top of A. It is apparent that the condenser 
and refrigerator or vaporizer correspond to the parts B and C of Fig. 
5, and that the absorber and generator take the place of the com- 
pressor. The pipes connecting A and BZ are arranged to take the most 
concentrated solution from A to B and to return the solution from which 
the ammonia has been driven from 4 to A. In practice, the generator 
B is placed over a furnace, by which heat is applied to drive off the 
ammonia. Also, arrangements are made for transfering heat from the 
hot Jiquid flowing from B to A, to the cold liquid flowing from A to B. 
As the ammonia is distilled from water in B the vapor driven off 
contains some moisture, which causes an unavoidable loss of efficiency. 
The earliest absorption apparatus, made by Carre, consisted of a cylin- 
drical receptacle containing a solution of ammonia, and acting alternately 


yy 
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as generator and absorber, in open communication through a pipe with 
a vessel of double conical form, acting alternately as condenser and re- 
frigerator. In use, the generator was placed on a furnace, and the con- 
denser in a tank of cold water, and the ammonia driven off from the 
solution condensed between the inner and outer conical surface of the 
condenser. When a sufficient amount of liquid ammonia had collected, 
the vessel containing the solution was transferred to the furnace to the 
cold water tank, and became thereby changed into the absorber. The 
condenser at the same time became the vaporizer or refrigerator, and 
after receiving a mold containing water to be frozen, was securely 
wrapped with non-conducting material. Apparatus of this kind is only 
fitted for work on a small scale, and is inefficient. An adaptation of 
Carre’s apparatus has been used in refrigerator cars for carrying perish- 
able freight. Inthe car are placed two receptacles, one containing liquid 
ammonia, which maintains a low temperature by vaporization, and the 
other containing water to absorb the ammonia as it is formed. At the 
end of the route, or when necessary, the receptacles are .recharged, one 
with liquid ammonia, and the other with fresh water. The ammonia in 
the rejected solution is regained by distillation. 

Vacuum Refrigerating Apparatus. — A form of absorption apparatus 
uses water for the volatile liquid and concentrated sulphuric acid for the 
absorbent. From the fact that vapor of water at freezing point has a 
very low tension, such apparatus are called vacuum apparatus. The 
first apparatus of this kind was de- 
signed for freezing water in carafes, 
and consisted of: a good air-pump, 
and a receptacle containing oil of 
vitriol. The carafe, well wrapped in 
non-conductor, was attached to a 
pipe leading to the sulphuric acid re- 
ceptacle, the pump was worked till a 
good vacuum was produced, and the 
acid was stirred to present fresh acid 
to the vapor, which rapidly streamed 
from the water at the low pressure ~ 
produced. The vaporization of about 
one-sixth of the weight of the water 
was found to be sufficient to freeze 
the remainder. 

An ideal sketch of a continuous 
vacuum apparatus is shown by Fig. 7. 
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At B is an air-pump, capable of producing a vacuum of one or two mm. 
of mercury in the chamber AC. At # there is a tank of concentrated 
sulphuric acid, from which a spray is delivered at 7. The acid absorbs 
the vapor formed in the chamber at the low pressure existing there, 
gathers in the tank /, and flows out through the pipe KX, which is 
of sufficient length to deliver the acid against atmospheric pressure 
in the tank Z. The dilute acid is reconcentrated and returned to tank 
H. At G is a pipe supplying fresh water, which passes through the 
water injector s, and throws a jet of salt solution into the chamber at A. 
The finely divided jet looses fresh water by vaporization, is chilled, and 
gathers in the bottom of the chamber. The salt solution flows through 
the pipe Fin the cold chamber ZF, taking up heat on the way, and is 
again thrown into the chamber with a fresh supply of water from the 
pipe G. At Mand are screens to prevent splashing of water into the 
upper part of the chamber. 
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CONDENSATION OF BENZYL CYANIDE AND ITS SUB- 
STITUTION PRODUCTS WITH ALDEHYDES AND 
WITH AMYL NITRITE. 


By HOWARD V. FROST, S.B., PH.D. 


Note. — The following is a translation of article in the Annalen der Chemie, Band 250, 
p. 156. The work was done in Gottingen. 


In the course of his work over benzyl cyanide and its derivatives 
obtained by substitution, Professor Victor Meyer needed a method by 
which the benzyl cyanide itself could be separated quickly from its 
homologues formed by substitution in the methylen group, which have 
quite the same properties. In the experiments undertaken for this 
purpose, he found two reactions, which, on account of their smooth 
way of taking place, required further study. 

If one mixes benzyl cyanide with oil of bitter almonds and adds 
Claisen’s means of condensation, —an alcohol solution of sodium ethyl- 
ate, —the mixture solidifies after quite a short time, forming crystals of 
the product 

C,H, — CH = C(C,H,)— CN 


(a phenylcinnamic acid nitrile). 


The action of nitrous acid on benzyl cyanide is almost quantitative 
in its results, and not less elegant than the foregoing reaction. 

Also, here the reaction was brought about through Claisen’s means 
of condensation. 

If benzyl cyanide, amyl nitrite, and sodium ethylate are mixed, there 
is formed, under strong evolution of heat, a crystalline mass of the com- 
bination 

C,H; —(CN)C(= NONa). 


The first of these reactions has served frequently since that time for 
the separation of benzyl cyanide from its homologues formed by substi- 
tution in the methylen group (which are thereby not at all attacked). 

The second takes place with homologues in a complicated way and 
has been studied hitherto only with benzyl cyanide itself. 

The closer study of the products formed by these two reactions, as 
well as the extended use of the reactions on other aldehydes and on dif- 


* 
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ferent derivatives of benzyl cyanide and benzoic aldehyde, was handed 
over to me by Professor Victor Meyer. 
The following are the results of my investigations. 





BENZYL CYANIDE AND ALDEHYDES. 


a Phenylcinnamic Acid Nitrile. 


About 5 cb. cm. of a twenty per cent sodium alcoholate solution 
were added to a mixture of 10 grms. benzyl cyanide and 9.5 grms. 
benzoic aldehyde under shaking. Under lively evolution of heat there 
separated out, almost instantly, a white crystalline mass, which after a 
short time was placed on a filter, washed with distilled water, then with 
ordinary alcohol, in order to remove any unchanged benzyl cyanide and 
benzoic aldehyde. 

The substance crystallizes out of boiling alcohol in white, leaf-like 
crystals. The crystals, after being pressed and dried over sulphuric 
acid, showed the melting point 86°; the boiling point lies at 359-360° 
(corr.). The nitrile is insoluble in cold and hot water, slightly soluble 
in cold alcohol, and easily soluble in ether, carbon bisulphide, chloro- 
form, benzol, and hot alcohol. 


I. 0.2428 grm. substance gave 0.7806 grm. carbonic acid gas and 
0.1201 grm. water. 


II. 0.2062 grm. substance gave 12.2 cb. cm. moist nitrogen, at 16° 
and 755 mm. pressure. 


Calculated for 


CoH; —- CH = C(CyH,) — CN. Found. 
COG ce wk st OR ks 4 et OR 
NE ie ck Rg a ee 1 
Wa 2 + + » ORE 6, ae oe | ORS 


In order to characterize the above nitrile, as an unsaturated com- 
bination, the bromine and chlorine addition products of the same were 
produced. 


Bromine Addition Product. 


In a carbon bisulphide solution the nitrile took bromine on easily, 
and changed itself over into a white crystalline powder, which when 
heated became brown and melted soon afterward at 129-130°. 
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0.2212 grm. gave, according to Carius, 0.2267 silver bromide. 
Calculated for 
C,H, — CHBr— CBr(C,H,) — CN. Found. 
OO cs tw sR Cw ss 


Chlorine Addition Product. 


By saturating the carbon bisulphide solution of the nitrile with 
chlorine gas, and allowing it to stand several days, the chlorine addition 
product was obtained in the form of white needles, which melt at 
167-168°. 


0.3208 grm. gave, according to Carius, 0.325 silver chloride. 


Calculated for 
C,H; — CHCI— CCI(C,H;)CN. , Found. 
Ce. lt te ORS ltl we 


By the saponification of the nitrile with alcoholic potash, the 
a phenylcinnamic acid was obtained. Its melting point was observed 
at 167°, while the same ought to lie at 169-170°. The difference can 
be explained, on the grounds that the reaction does not take place 
smoothly, and that much resinous matter is formed, from which the 
acid itself cannot be separated completely. 


Furfurol and Benzyl Cyanide. 


Benzyl cyanide furnishes with furfurol, under the influence of 
Claisen’s reagent, a phenyl-furfuracrylic acid nitrile, which melts 
smoothly at 42-43°, and corresponds to the a phenylcinnamic acid 
nitrile in its general properties. 


0.306 grm. gave 19.05 cb. cm. moist nitrogen, at 6.5° and 744 mm. 


pressure. 
Calculated for 
C,H,0 — CH = C(C,H;) — CN. Found. 
a ee ee 


The addition of bromine takes place in a carbon bisulphide solution, 
under lively evolution of heat. The addition product appears in orange- 
colored six-sided plates, which melt at 113-114". 

0.2312 grm. gave, according to Carius, 0.2456 silver bromide. 


Calculated for 
C,H,0 — CHBr — CBr(C,H;)CN. Found. 


Boome. 2 6 1 ts OBOF tt ttl EM 











352 Howard V. Frost. [May, 


The analogous chlorine addition product could not be obtained, in 
spite of repeated trials, and by the saponification of the above a phenyl- 
furfuracrylic acid nitrile only resinous products were formed. 


Anisic Aldehyde and Benzyl Cyanide 


furnished, in the same way, the a phenyl-derivative of the anisacrylic 
acid nitrile, which appears in white needles of melting point 93°. The 
same resembles in regard to its properties both of the foregoing con- 
densation products. 


0.211 grm. gave I1.1 cb. cm. moist nitrogen at 6° and 749} mm. 


pressure. 
Calculated for 
C,H,(OCH;) — CH = C(C,H;) — CN. Found. 
WO a we 8 8 RE! cee Pe 


The bromine and chlorine addition products of this nitrile could not 
be obtained ; also the a phenylanisacrylic acid, in pure form, could not 
be obtained by the saponification of the same. 


Metanitrobenzoic Aldehyde and Benzyl Cyanide. 


The condensation product, obtained from these, was yellow and 
crystalline, the melting point of which is 133-134°. 


0.2026 grm. gave 19.8 cb. cm. nitrogen, at 14° and 7534 mm. pressure. 


Calculated for 
C.H,(NO,)CH = C(C,H;) — CN. Found. 
OREN Gi) ss Re os ee aa, SB 


The bromine addition product, belonging to the above, is a straw- 
colored crystalline easily decomposable powder, which melts at 127-128°, 
under evolution of bromine. 


0.3222 grm. gave, according to Carius, 0.2916 silver bromide. 


Calculated for 
C,H,(NO,) - CHBr — CBr(C,H;) — CN. Found. 


BYOHUEC ose ce) es) a RGIOR! a nes en ce BOGS 


Orthonitrobenzoic Aldehyde and Benzyl Cyanide 


furnished the analogous combination in compact yellow needles, melt- 
ing at 127-128°. 
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0.2239 grm. gave 24.1 cb. cm. nitrogen, at 9° and 7534 mm. pressure. 


Calculated for 
C.H,(NO,) — CH = C(C,H,) — CN. Found. 
kw wt BOR te 


By treating this a phenylorthonitrocinnamic acid nitrile with 
bromine, there was obtained an uncrystalline product out of alcohol ; 
but because the same showed no smooth melting point (bromine being 
evolved in the vicinity of 129°), no analysis was undertaken. 


Paranitrobenzoic Aldehyde and Benzyl Cyanide. 


The corresponding paracombination was obtained as an orange- 
colored powder, melting at 117-118°. 


0.2092 grm. gave 19.9 cb. cm. nitrogen, at 13° and 754 mm. pressure. 


Calculated for 
C,H,(NO,) — CH = C(C,H;) — CN. Found. 
ec 8 ts SER CS kw SO 


Trials to add bromine or chlorine onto this paraderivative remained 
resultless ; therefore it appears that of the three a phenylnitrocinnamic 
acid nitriles, only the metacombination reacts smoothly in this sense. 


Benzoic Aldehyde aud Parabrombenzyl Cyanide 


react smoothly with each other, forming a crystalline condensation 
product, which separated out of an alcohol solution in leaf-like scales, 
melting at I1I-112°. 


I. 0.2846 grm. gave 12.4 cb. cm. nitrogen, at 18° and 742 mm. 
pressure. 


II. 0.2865 grm. gave, according to Carius, 0.1905 silver bromide. 


Calculated for 


C,H;— CH = C(C,H,Br) — CN. Found. 
eee ee 
mes 8 sk ts RR tee =e 


Furfurol and Parabrombenzyl Cyanide. 


A crystalline combination was obtained very easily from these, 
appearing in fine silky glistening needles, having a melting point of 65°. 


I. 0.282 grm. gave 13.3 cb. cm. nitrogen, at 17.5° and 746 mm. 
pressure. 
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II. 0.264 grm. gave, according to Carius, 0.18 grm. silver bromide. 


Calculated for 


C,H,0 — CH = C(C,H,Br) — CN. Found. 
eee a rr S 
eee eo ee 


The addition of bromine takes place very quickly with the above 
a parabromphenylfurfuracrylic acid nitrile; the combination, so ob- 
tained, crystallizes in brown glistening needles, and melts, under evolu- 
tion of bromine, at about 212°. 


0.2882 grm. gave, according to Carius, 0.3728 silver bromide. 


Calculated for 
C,H,0 — CHBr — CBr(C,;H,Br) — CN. Found. 


. ee ae eee 


Anisic Aldehyde and Parabrombenzyl Cyanide 
furnished a condensation product in the form of needles, which melt 
at 135°. 


I. 0.2982 grm. gave 11.8 cb. cm. nitrogen, at 16° and 748 mm. 
pressure. 


II. 0.2756 grm. gave, according to Carius, 0.1662 silver bromide. 


Calculated for 


C,H,(OCH;) — CH = C(C,H,Br) — CN. Found. 
A a Re wt ae 
Boome . ws Ma. kw 


The trials, in order to add bromine onto this last compound, a para- 
bromphenylaniscrylic acid nitrile gave a remarkable result. The nitrile, 
dissolved in carbon bisulphide, was allowed to stand one week with 
excess of bromine in closed flask at the temperature of the room. The 
mixture was then shook with soda solution to remove the excess of 
bromine, and after being washed with water evaporated. The residue 
was again treated with soda solution, and finally crystallized out of 
dilute alcohol. 

Flat yellowish needles were deposited, which melt at 186°. 


0.2978 grm. gave, according to Carius, 0.2852 silver bromide. 
Calculated for 


C,H,(OCH,) — CHBr — CBr(C,H,Br) — CN. Found. 
eS a se ORE ke 
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A second analysis gave the same per cent of bromine. The latter 
corresponds closely with a combination C,H,NOBr,, which requires 
40.71 per cent Br. By the continued heating of the above bromine 
compound with sodium alcoholate, no recognizable amount of sodium 
bromide was formed; therefore an atom of Br. has not been added to 
the CH group because it could be eliminated therefrom, but rather 
must have been substituted in one of the phenyl rests; therefore one 
of the following combinations was formed :— 


C,H;Br(OCH,) — CH =C(C,H,Br) — CN 
or 
C,H,(OCH;) aca CH = C(C,H;Br.) —_ CN, 


whose per cent of bromine, of 40.71, corresponds accurately with what 
was found, namely, 40.77. 


Isonitrosobenzyl Cyanide. 


Equivalent weights of benzyl cyanide and amyl nitrite, 10 grms. of 
each, corresponding to the equation 


C,H;CH,CN + C;H,ONO + C,H;ONa 
= C,H,C => NONa 1 CN + C;H,,OH + C,H,OH, 


were mixed and placed in a cooling mixture. A theoretical amount of 
sodium alcoholate, 2 grms. sodium dissolved in 20 grms. absolute alcohol, 
was added. Immediately a transposition took place, accompanied with 
a considerable evolution of heat, and the light yellow sodium salt sepa- 
rated out so abundantly that finally the whole mixture solidified into a 
crystalline mass. The latter was placed on a filter, washed with alcohol 
and a little water, and then dried over strong sulphuric acid. Thus 
prepared, it appeared as a yellow powder, which is easily soluble in 
water and quite easily in alcohol. 


0.1713 grm. substance gave, after evaporation with chlorhydric acid 
in crucible and glowing, 0.0594 sodium chloride, corresponding to 13.53 


per cent sodium. 
Calculated for 
C,H; — (CN)C = NONa. Found. 
Se wt ct RR Ce 


For further characterizing, the acid that is the free isonitrosobenzyl 
cyanide was prepared from the sodium salt. 

This free isonitrosobenzyl cyanide was prepared some time ago in 
the Gottingen laboratory by Alexander Meyer, who found that it is 
easily soluble in alcohol, ether, and hot water, crystallizes out of water 
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in beautiful white scales, which melt at 129°. I have prepared the free 
isonitrosobenzyl cyanide in the foregoing way, and have confirmed 
completely the above statements. 

The potassium salt was obtained by means of potassium alcoholate, 
by the same method as the sodium salt. It is easily soluble in water, 
only a little in ordinary alcohol, and is easily decomposed. 


0.1968 grm. substance gave, after evaporation with chlorhydric acid 
in crucible and glowing, 0.080 potassium chloride, corresponding to 
21.3 per cent potassium. 


Calculated for 
C,H; — (CN)C= NOK. Found. 
ee rr | 


The copper salt was obtained as a bluish green precipitate by addi- 
tion of copper sulphate solution to an aqueous solution of the sodium 
compound. 


The copper salt was insoluble in water and easily decomposed. 


0.1795 grm. substance gave, after glowing, 0.04 copper oxide, corre- 
sponding to 17.83 per cent of copper. 
Calculated for 
(C,H; — (CN)C= NO),Cu. Found. 
Ms sw a ss OR kw 4 we ee 


The lead salt separated out, as a white precipitate, as an aqueous 
solution of the sodium salt was added, drop by drop, to a solution of 
the ordinary lead acetate, which is used as a reagent. 


0.2354 grm. substance gave, after glowing with sulphuric acid and a 


little ammonium carbonate, 0.1973 lead sulphate, corresponding to 57.3 


per cent lead. 
Calculated for 
(CgH;— (CN)C = NO),Pb + PbO. Found. 


ae ee a eee | 


While the isonitrobenzyl cyanide may be considered as a strong 
acid, on account of its great capability of forming salts with the alkalies 


and heavy metals; yet it was impossible to form the pure methyl ether 
and acetyl derivative from the metallic salts. 


Parabrombenzyl Cyanide and Amyl Nitrite 


furnished, in the presence of sodium alcoholate in an analogous way, 
the sodium salt of the parabromisonitrosobenzyl cyanide, as a light 
yellow amorphous substance. 
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0.3026 grm. of the latter gave 0.0852 sodium sulphate. 


Calculated for 
C,H,Br— (CN)C= NONa. Found. 
Sodium. . « . . « @§E 9.12 


On the addition of acid to the aqueous solution of the sodium salt, 
the free parabromisonitrosobenzyl cyanide separates out in the form of 


white scales, which melt at 131-132° and dissolve easily in alkalies, 
forming a yellow solution. 


0.3150 grm. gave, according to Carius, 0.264 silver bromide. 
Calculated for 
C,H,Br — (CN)C = NOH. Found. 
eae ls OB tw 


The silver salt was precipitated from the aqueous solution of the 
sodium salt by means of silver nitrate, as an amorphous light yellow 
powder, insoluble in water. 

0.1876 grm. gave 0.061 g. silver. 


Calculated for 
CsH,Br— (CN) C= NOAg. Found. 


Swear. . « « + » gee 32.51 
In a similar way the copper salt was precipitated by a copper sulphate 
solution, as an amorphous green powder, insoluble in water. 
0.247 grm. gave, according to Carius, 0.1805 silver bromide. 
. Calculated for 


(C,5H,Br — (CN)C= NO),Cu. 
Bromine. . . « « gual 


Found. 
31.10 


Lastly, it is to me a most agreeable duty to express my gratitude to 
Herrn Geheimrath Professor Victor Meyer, for the friendly assistance 
which he has given me at all times in the course of this investigation. 
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GAUTIER’S POCKET TELEMETER. 
By A. G. ROBBINS anv JAMES H. STANWOOD. 


Tue official Journal of the French Army of April 16, 1868, gives an 
account of an instrument invented by M. Gautier, a captain of artillery, 
which is designed for the rapid measurement of distances. 

We have endeavored herein to give a detailed account of the con- 
struction of this instrument, the method of using it, and the results 
of our own experiments, together with those of as many others as we 
could obtain. 

The determination of the distance to 
an inaccessible point necessitates the solu- 
tion of a triangle of which we know one 
side and two angles. For example, in the 
right triangle ABC (Fig. 1), 

AB a 


AB _ 5 AC=AB 
=z = at 


Suppose, now, that 2 is not a right 
angle, but slightly less. Let ADC (Fig. 2) 
be a right angle. 


c 








Now 

gee in 

sin C’ 
but 
AD= ABcos BAD, 
and 
AC therefore = Ae - cosBAD, 
sin C 

or 


AB AB 
AC= _ 
sinC sinC 








(1 —cos BAD). 


If we take for the value of AC the first term only, or AB , we are in 
5» Sin 


, ted b 
7» fepresented by 





error by an amount equal to a fractional part of a 
1—cosBAD. By a similar reasoning, it can be shown that the result 
would be the same if the angle ABC were obtuse. 

Now, let the angle ABC differ from go° by 1°, 2°, 5°, 8°, or, what is 
the same thing, let the angle BAD equal 1°, 2°, 5°, 8°, and observe how 
much our assumed value of AC differs from the true value, in each case. 
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Nat. cos 1° = .99985, 1 — cos 1° = .00015 ; 
Nat. cos 2° = .99939, 1 — cos 2° = .00061 ; 
Nat. cos 5° = .99619, 1 — COS 5° = .00381 ; 
Nat. cos 8° = .99027, 1 — cos 8° = .00973. 


The term neglected is less than 1 per cent of the distance, even 
when the angle BAD is as large as 8°. We can therefore determine 
the distance AC, within less than 1 per cent, provided we can, first, 
determine an angle at B, which shall not differ from a right angle by 


more than 8°; second, determine the factor or eg observation ; third, 
measure the line AB. sin 


Let us assume that the first and third operations can be readily 


done ; we then have only to obtain the factor rors The pocket tele- 
n 


meter is designed to measure this quantity. 





my 
Lied 
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Note. — Telescope d, or the eye-piece ¢, can be placed in front of the mirrors at the will 
of the observer. The ring / can be revolved so as to close the openings @ and 4 to exclude dust. 
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This instrument, shown in outline in Fig. 3 and in cross-section in 
Fig. 4, consists of a tube of about two inches greatest diameter, and 
five inches in length. At mm! are two small mirrors, occupying the 
lower half of the tube. The mirror m is fixed in position, but the one 
at m' is connected with the screw c¢, so that the angle between the 
mirrors can be varied a small amount either side of 45°. An opening a 
in the side of the tube allows a ray of light, coming in the direction 7, 
to be seen through the telescope d after being doubly reflected by 
the mirrors mm'. The angle fed is 90° or slightly more or less, 
according as the angle between the mirrors is 45° or slightly more 
or less. 

An opening 4 in the under side of the instrument, shown in Fig 3 
at 4, shows on a graduated plate the amount that the angle of the 
mirrors differs from 45°. 

At # isa glass prism, firmly cemented to a ring capable of being 
revolved about the end of the tube, and carrying on its outer surface 
a scale graduated from 20 to o. 

Let RST (Fig. 5) be a section of this prism. <A ray of light coming 
from JM and striking the prism normal to RS is 
not deflected, but on leaving the prism at Q it is 
deflected in the direction QO, so that the point 17 
would be seen in the direction OM/'. Suppose 
that we revolve the prism through 180°, so that 
it takes the position RS7”. A ray of light coming 
from / will now be deflected in the direction QO’, 
and would be seen in the direction O'J/". 

By revolving the prism, the point J7 can be 
seen in any direction between the extremes QJ’ 
and QM". The prism is so constructed that a 
half-revolution displaces the image about 3°, or, in other words, the 
angular displacement of the prism is sixty times greater than that of 
the image. Thus we can measure small angular displacements of the 
image with great accuracy. 

The graduation on the ring carrying the prism gives the values of 


Fig.5 





Fe C being the angular displacement of the rays of light caused by 
sin 

revolving the prism. As these graduations vary from 20 to oo, the 
angular displacement can vary from 0° to 2° 51’ 58’’ about, since 


I I 
=o and ———_—_—_—— = 20. 


. ’ ° 
sino® sin 2° 51' 58" 
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Method of Using. — Let C (Fig. 6) be any object, and AC the dis- 
tance to be found. The observer at 4 first places the o mark opposite 
the index on the fixed part of the tube (when thus placed the position 
of the prism is as shown in Fig. 4), 
and holding the instrument with the 
opening a (Fig. 4) on the right side, . , 
looks in the direction AM and sees, ; 
by double reflection, the object C at Fig.6 o 
C'; looking over the mirrors, through ‘ 
the prism, he selects some promi- ; 
nent object Jf in Rae: with AC. "Fee =e" 

He next goes to B in the line AM, “--—~ 

and again observes the object J/. 

By double reflection the image of C is seen at C’’, to the left of J, 
the angle CAC’ being equal to CBC". 

By revolving the prism the light coming from J/ is deflected to the 
left, and coincidence can again be established, 17 being seen at J/’, in 
the direction BC’’. The division on the graduated scale opposite the 


Q 


~ 
we eee oe oe oe D> 


% 
i>} 
[ 


index gives , which is equal to 


I I 
sin MBM sin ACB 
multiplied by the base AB gives the distance AC sought. 

Generally there will be no prominent object at J exactly in the 
direction of the reflected image of C. In this case the observer selects 
one from the prominent objects nearly in line, and by turning the screw 
at ¢ slightly, alters the angle between the mirrors mm’, and brings the 
reflected image of C in line with the object selected. 

It is preferable to select some object to the left of C’, rather than 
one to the right, making the angle CAC’ slightly greater than a right 
angle. In so doing the angle CBC’, which can be from 0° to about 3° 
less than CAC’, will be very nearly a right angle, and we make the 
error, caused by assuming CBC’ to be go°, as small as possible. 

Instead of taking a fixed base AB, it is sometimes advisable, after 


This quantity 


observing at A, to set the instrument at some fixed value of re 
say 50, and to then move backward on the line J/A until the coin- 
cidence, destroyed by turning the prism, is again brought about. Then 
measure the base gone over, which will be one-fiftieth of the distance AC. 

By this method the errors caused by interpolating between the divis- 
ions are avoided. It is also found true in practice that the best 


results are obtained when the value of as is from 50 to 75. 
sin 
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If the object C is not very prominent, it may be difficult to see it by 
double reflection. In cases like this it is better to observe the point C 


Pe directly through the prism. The 

> 4 observer at A (Fig. 7) looks at C 
> -% through the prism. At the same 
e eC time objects in the direction of 


, will be seen by double reflection 
; at J/' in the line AC (if the angle 
Fig.7 between the mirrors is properly 
adjusted). He then goes to B and 
then sees the reflection of objects 
- eee teeta ~ at WM, at M", tothe left of C By 
revolving the prism until C is seen 

at C’ coincidence is again established, and the value of 


I I 
sinCBC’ sinACB 





is obtained. This multiplied by AB gives AC as before. 

When only a short base can be used, good results may be obtained 
by a method of repetition. This is done by taking a series of observa- 
tions, alternately, at each end of the base; coincidence of direct object 
and reflected image being established at one end by altering the angle 
between the mirrors, and at the other end by revolving the prism. If 
nw observations are taken, and a represents the length of the base, the 
distance sought is 


na X 





n sin C 


In this case, as in the others, it is advantageous to have the last 
reading exactly at one of the graduations. This may be done by using 
a constant base for all but the last observation, and then setting the 
instrument at the next less division and measuring the base necessary 
to establish a coincidence of direct object and reflected image. 

Thus, if with a 10-foot base, nine observations have been taken, and 
then the instrument is set at the next less division, which is (say) 50, 
and .we find the length of base necessary to give that reading to be 
9.5 feet, the distance is 


(9 X 10+9.5) 50= 4975 feet. 
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Error in the Alignment of the Base. — Suppose that at the extremities 
of a base of 69 feet, the last station be taken at one-tenth of a foot 
outside the alignment on the 
signal, at B’ (Fig. 8). The ‘ 
error of alignment of the base 
is measured by the angle BAB’, ! 
which is about five minutes in ; 
the case assumed. The pocket : 
telemeter determines the angle Fig-8 ’ 
C by the difference between ! 
the angles WAC and MBC. ‘ 
If the observer is at B’, he #@-~-cencts tsi S ill : 
measures the difference of the 
angles ZAC and MB'C; the error which he makes is therefore 


‘ 
' 
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' 
' 
1 
| 
i] 
' 
' 
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! 
' 
t 
' 
i 
' 
' 
\ 
cli- 
wy 


MBC — MB'C = BMB', 


the value of the angle C being too great by that amount, and the dis- 
tance AC obtained will be a little less than the true distance. 

The contrary would be true if the point B’ were between ZB and C. 

This error of the angle is, according to the above, in the inverse 
ratio of MB to AB, so that if the distance of the signal J/7 from the 
first station is equal to ten times the base (690 feet in our assumed 
case), the error in measuring the angle Cis less than one-tenth of five 
minutes or thirty seconds. If the distance of the signal J/ is sixty 
times the base, this error becomes less than five seconds. 

This example shows that it is advantageous to employ a distant 
signal, and that when the distance to the signal J is necessarily short, 
great care must be taken in the alignment of the base in order to 
insure good results. 

The following results, published by the inventor, were obtained by 
the commissioners appointed to examine this instrument in France : — 
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Base | Factors Distances | True Rishes Designation Reais 
Employed.* | Read. Found. | Distances. . of Objects. 6s 
Metres. | Metres, Metres. Metres. 
20 | 30 600 600 0 Battery Dark and rainy 
20 | 35 700 715 —15 - a 
20 50 1000 1000 0 End of Polygon Fine weather 
20 64 1280 1240 +40 “ 
20 80 1600 1600 0 Hospital i 
20 110 2200 2190 +10 Church - 
40 64 2560 2580 — 20 Hospital - 
49.8 54 2689 2660 +29 Tower High wind 
168.5 21 3538 3510 + 28 Church Fine weather 
68.5 57 3904 3880 + 24 Convent - 
39.2 100 3920 4050 — 130 House High wind 
$2.9 131 4310 4260 + 50 Tree Fine weather 
58.65 80.5 4722 4650 +72 Village s 
88.0 58.5 5148 5100 + 48 Observatory “ 
36.25 160 5800 5920 — 120 Castle High wind 
40.0 165 6600 6580 + 20 Staff ee 
* Bases were measured with a tape. 
lee ES RS eRe..| aon | Se Remarks. 
Metres. Metres. Metres. Metres. 
42 23 966 943 + 23 Bridge Fine 
40 44 1760 1750 +10 Church a 
19 21 399 400 —1 Tower Fine, but after sundown 
28 21 588 600 —12 - 
18 37 666 680 —14 ‘Bridge 
32 22 704 710 —6 “s “ 
43 20 860 880 — 20 Convent = 
36 125 4500 4400 + 100 Point 7 
20 45 900 880 + 20 River Bank “ 
19 70 1330 1320 +10 R. R. Bridge Violent squalls 
20 70 1400 1440 — 40 Fortification me 
82 54 1728 1750 — 22 ¢ “ 
15 130 1950 2020 —70 a “ 
10 320 3200 3100 + 100 Belfry ee 
60 60 3600 3600 0 Hospital i 
80 62 4960 5000 — 40 Obelisk S 


























* Base measured by pacing. 
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The following experiments were made at various times by observers 


here at the Institute, most of them by persons having no previous 
experience in using the instrument. 


GIvEN MULTIPLE AND BASE Founpn. 









































Base. Factor. es om Error. True Distance. 
213.16 60 12,790 — 327 
188.94 70 13,226 + 109 & 
=| 
165.30 80 13,224 + 107 g 2 
148.68 90 13,381 + 264 ee 
oN 
133.51 100 13,351 +234 Bos 
vo 
214.28 60 12,857 — 260 Z Il 
185.11 70 12,958 —159 5 
164.31 80 13,145 +28 
The average of these distances = 18,117. 
ConsTANT BASE AND MULTIPLES READ. 
Base. Multiple. eons gee True Distance. Errors. 
200 64 12,800 — 293 
190 68 12,920 iia 
170 78 13,260 19 + 167 
&. 
150 89 13,350 po) + 257 
190 67 12,730 — 363 
150 90 13,500 + 407 




















Average of 14 observations, 13,105. 


NoTE.—JIn the above tables the error is obtained from the average of distances found, in- 
stead of from scaled distance. 
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In the following experiments the base was measured, and the true 
distance sought was 3400 feet. 


























Base. Multiple. i ¢ Error. Base. Multiple. —— Error. 
| 

100 33 3300 100 «|| 5 187 3425 25 
a 33 3300 100 ee 140 3500 100 
ad 33 3300 100 - 189 8475 75 
6 32 8200 200 e 140 3500 100 
“ 33 3300 100 10 360 3600 200 
“ 33 8300 100 “ 380 8800 400 
ac 33 3300 100 | ee 350 3500 100 
6s 82.75 8275 125 - 375 3750 350 
6s 33 3300 100 | - 330 8300 100 
« 33 3300 100 «=| « 360 3600 200 
50 68 3400 0 | ” 350 3500 100 
“6 69 3450 50 | = 380 3800 400 
os 67 3350 50 10* 67 383850 50 
- 68.5 3425 25 wh 70 3500 100 
“ 68 38400 0 = 65 3250 150 
“ 67.5 3375 25 66 3300 100 
25 188 3450 50 ay: 65 3250 150 
- 140 3500 100 | 2 66 3300 100 














* Method of repetition used: five observations taken at each end of base. 


A very complete description of the pocket telemeter is found in 
“Notice sur le Télémétre de Poche,” par A. Gautier, Paris. 
Militaire de J. Dumaine. 

It is briefly treated by Gen. F. A. P. Barnard in “ Report on the In- 
dustrial Arts,” published by Van Nostrand ; and in Knight’s “ American 
Mechanical Dictionary.” 


The instrument is manufactured by M. Tavernier-Gravet, No. 19 Rue 


de Mayet, Paris. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
April 2, 1889. 
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THE INFLUENCE OF TEMPERATURE ON THE SPECIFIC 
ROTATION OF CANE SUGAR. 


By CLEMENT W. ANDREWS, A.M. 


THE statement of Tuchschmid,* that the specific rotation of pure 
sugar solutions is independent of the temperature, has been generally 
accepted. I was surprised, therefore, to find that the test of the hundred 
points of several saccharimeters, both color and half-shade, gave a lower 
result the higher the temperature at which the test was made. Allow- 
ance was made, of course, for the change in the density of the solution 
and in the length of the tube, and also in the specific rotation of the 
quartz wedges. 

I have been able to find but few investigations of the subject. In 
1842 Mitscherlich f stated that the rotatory power of cane sugar is not 
much altered by change of temperature. In 1843 Ventzkef found that 
the angular rotation of a cane sugar solution is the same at 80-85° C. as 
at ordinary temperatures, and since the density decreases, he supposed 
that the specific rotation increases with the temperature. In 1846 
Dubrunfaut § stated that a sugar solution loses 0.04 of its original rota- 
tion at 19° C. when heated to 80°C. Correcting for the expansion of 
the solution and of the brass tube, he calculated that the specific rota- 
tion of cane sugar at 100° is less than at 0° by 0.0232 of the amount at 
the latter temperature. Tuchschmid || found that the observed decrease 
in the angular rotation of a 25 per cent solution between 10° and 40° C. 
was very nearly equal to that calculated from Gerlach’s figures for the 
decrease in density, and stated that the specific rotation is independent 
of the temperature. His conclusions are based on the mean of 40 
readings at each of the two temperatures, but the separate readings 
show a deviation from the mean in each case of + 0°.3 on a total value of 
about 18°. Also, in calculating the angle which he ought to find, sup- 
posing the specific rotation to be constant, he did not determine the 
specific gravity, but used Gerlach’s figures for a solution of 23.7 for 
his solution of 24.9 per cent, and assumed that the change from 10° to 


* Journal fiir praktische Chemie, 1870, (2) 2, 245. 

+ Berlin Akademie Berichte, 1842, 150. 

t Journal fiir praktische Chemie, 28, 101. 

§ Annales de chimie et de physique, (3) 18, 101. || 4c. cit. 
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40° is proportional to that from 10° to 27°.5. The error affects the 
calculation of the difference in the angular rotation but slightly, but it 
makes the absolute amount too small, and increases the apparent purity 
of the sugar. 

In 1875 Hesse* published a series of determinations of the specific 
rotation of cane sugar for sodium light, showing the effect of concen- 
tration. Of these, two made at 25° showed the same rotation as two 
of the same strength at 15°, but the largest angle observed, 13°.3, and 
the range in temperature, were too small to make the results of any 
value in this connection. This is the latest work on the subject that 
I have found, and none is mentioned in Landolt’s recent review of 
polariscopic analysis. 

A repetition of these experiments, made with more delicate instru- 
ments, has resulted in a confirmation of Dubrunfaut’s statement of the 
decrease of the specific rotation with increase of temperature, though 
the amount per degree is somewhat less than was stated by him. They 
were made with a Laurent large-model polariscope, made in Paris, read- 
ing to 30ths of a degree, and permitting the estimation of minutes. 
The lamps, for sodium light, were those furnished with the instrument. 
I found them, when properly adjusted, less liable to variations in inten- 
sity of light than a single Muencke burner. 

The observation tube was of brass, double walled, with openings at 
each end into the outer tube, and one in the middle into the inner one. 
The ends were carefully prepared plane surfaces at right angles to the 
bearings. The length was determined with the Rogers comparator in 
the Physical Laboratory of the Institute, by comparison with the Rogers 
standard bar. The comparator reads to 0.00001 inch, and gives 0.0001 
inch with ease. A series of eight measurements on different parts of the 
circumference of the ends gave a mean of 15.7703 inches, with a maxi- 
mum deviation from it of 0.0002. On reduction to millimeters, and 
correction for temperature, the length at 20° C. was found to be 400.577 
mm. The end plates were tested with a gauge and found to be of sen- 
sibly equal thickness in all parts. The caps simply slipped over the 
ends of the tube, as in the new Landolt tubes, thus avoiding all chance 
of polarization by the end plates through unequal or excessive pressure. 

The weights used had been recently adjusted by Becker, and their 
total weight compared with the standard kilogram at Washington. All 
weighings were made by substitution and reduced to weight in vacuo. 

The calibration of the flask and pyknometer was done with distilled 


* Annalen der Chemie, 176, 97. 
¢ Berichte der deutschen chemischen Gesellschaft, 1888, 21, 191. 
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water, correcting for temperature and displacement of air by Table 17 
of Landolt and Bornstein’s Physikalisch-chemische Tabellen. All tem- 
peratures recorded or used were measured with a standard thermometer 
recently tested by the Physicalisch-technische Anstalt at Charlottenburg. 

The arrangement used for heating the tube was very similar to that 
employed by Tuchschmid; the current of water passing through the 
outer tube being warmed in a large mass of water. At no time dur- 
ing an observation was there any distortion of the field or of the line 
between the halves. 

The angular measurements are the means of not less than six read- 
ings, made alternately from right and left, of the zero, of the angle in 
the right semicircle, of the same in the left semicircle, and of the 180° 
point. The observations were made in the evening, without disturbing 
light. 

The sugar used was prepared by solution of the best refined sugar, 
filtration, precipitation by alcohol, washing with alcohol, and drying at 
65°C. Ten grams of this sugar lost 0.0007 gram on being heated sev- 
eral hours in the water bath, and left less than 0.001 gram on ignition. 
It gave no test with Fehling’s solution. Its purity was further shown 
by its specific rotation, which was 66°.398 at 20°C. for a solution of 
c=26.01. Landolt’s formula, calculated from the latest and best deter- 
minations, requires 66°.421 for the given concentration. The difference 
is about the average difference between the formula and the determina- 
tions from which it was computed. 

The solution used in the first experiment was intended to be a 
Ventzke standard ‘solution; z.e., to contain, at 17°.5 C., 26.048 grams, 
weighed in air, in the volume of 100 grams of water, in air, at that 
temperature, or 26.004 grams, in vacuo, in 100 true cubic centimeters.* 
The actual weight, in air, of the sugar was 26.066 grams, and of the 
solution 110.010 grams, giving on reduction to weight in vacuo 23.686 
per cent of sugar. 

With this solution two sets of readings were made at 18° and two at 
41°. The dew point was too high to permit reading much below 18°. 
In the following table the angles are the mean of six readings of the 
solution and the zero : — 


Temp. Right semicircle. Left semicircle. Mean. 
I. 18°.2 69° 13/.2 69° 21'.0 69° 171 or 89°.285 
a. 18°.8 69° 6/.7 69° 111.7 69° 9/2 “ 699.153 
5. 41°.3 68° 22/.2 68° 29'.3 68° 25'.75 “ 68°.429 
4. 


41°.0 68° 26/.5 68° 31'.8 68° 29/15 “ 68°.486 


* See the next paper, p. 374. 
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In calculating the specific rotation, 1 and 2 were combined, and 3 and 
4, giving 69°.219 at 18°.5 and 68°.458 at 41°.15. It is evident that the 
variations of the separate readings from these means are due in part to 
two causes which are compensated for in taking the mean; viz., the 
difference in the temperature and a slight eccentricity of the graduated 
circle and the optical parts of the instrument. Yet without consider- 
ing this compensation, the greatest deviation of a single reading from 
the mean is +0°.218 for 1 and 2, and —o°.155 for 3 and 4. On a total 
rotation of 18° these would be +0°.06 and —o°.04 respectively. 

The specific rotation was calculated by the formula 


*- 4t 1004 
le], = “1x px a 
in which 
a = angle observed, in degrees ; 
/ =length of tube, in decimeters ; 
p = percentage of sugar, by weight in vacuo ; 


d= specific gravity of the solution at temperature of observation, 
water at 4° C. being unity. 


The values are given below : — 


t. a. Z. p. d, [a], 
eee 69.219 4.0057 25.686 1.09842 66.415 
S.... 2 Mao 68.458 4.0074 23.686 1.08987 66.174 


Dividing the difference in the specific rotation, 0.241, by the difference 
in the temperature, 22.65, gives 0.0106 as the mean change in the spe- 
cific rotation per degree Centigrade. 

To check this result a second experiment was made with another 
preparation of sugar and a different concentration. In this experiment 
the weight of sugar taken was 16.3096 grams, in air, and that of the 
solution 106.2540 grams, giving on reduction to weight in vacuo 15.344 
per cent of sugar. This solution contains, at 17°.5, 16.30 grams in 100 
cubic centimeters, and is very nearly a standard solution for the Soleil- 
Dubosq and Laurent saccharimeters. The rotation was determined 
first at 19°, then at 39°.9, and finally at 20°.1. The angular measure- 
ments given below are the means of ten readings of the solution and 
the zero : — 


Temp. Right semicircle. _ Left semicircle. Mean. 
c= BD 43° 30'.9 48° 26/.1 43° 28'5 or 43°.475 
a . « SPS 43° 5/.0 43° 0/8 43° 2/9 “ 43°,048 


Ss ere 43° 31/.1 43° 27.2 43° 29/15 “ 43°.486 
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The greatest variation of a single reading from the mean was 0°.062, or 
0°.03 on 18°. 
The specific rotation was calculated from the following data : — 


& a. 2. p- d. [«]; 
E> 2) eee 43.475 4.0057 15.344 1.06139 66.642 
a. . 5 OO 43.048 4.0073 15.344 1.05430 66.405 


G0. 43.486 4.0058 15.344 1.06127 66.664 


The values of [a], in 1 and 3 are somewhat larger than the 66.53 re- 
quired by Landolt’s formula for this concentration at 20°. The differ- 
ence, however, is not greater than has been observed by Tollens for the 
same solution at different times. If not causéd by a difference in the 
sugar, it may be due to more white light in the sodium flame; it cer- 
tainly is not due to momentary changes, such as differences of intensity 
of light on the half-disks, because all the zero and 180° point deter- 
minations vary less than a minute. On the other hand, the close agree- 
ment between 1 and 3 shows that the lower value in 2 is not due to 
inversion or other permanent change in the solution. In calculating 
the influence of temperature 1 and 3 were combined, giving 66°.653 
at 19°55. Dividing 0.248 by 20.35 gives the change per degree 
as 0.0122. The agreement between this and the first determination 
is so close that there should be no serious error in taking the mean 
of the two and expressing the relation of the specific rotation to the 
temperature by the formula : — 


[a], = [a]> — 0.000114 (¢— 20). 


If 66.5 is taken as a mean value for [a]>, the coefficient of change 
per degree centigrade is 0.000171. This is somewhat smaller than that 
obtained by Dubrunfaut, 0.000232; but it is for a smaller range of tem- 
perature, and it is possible that the rate of change may be greater at a 
higher temperature. 
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NOTES ON THE DETERMINATION OF SUGAR BY THE 
POLARISCOPE. 


By CLEMENT W. ANDREWS, A.M. 


1. Jnfluence of Temperature.—In practical optical saccharimetry it 
is generally assumed that the change in density is the only cause of 
error due to differences in temperature, and this is allowed for in one 
of two ways. Either the solution is made at a known temperature and 
the temperature of observation determined, or, more conveniently and 
generally, the solution is read at as nearly as possible the same tem- 
perature as that at which it was made. Other causes of error, however, 
can materially affect the result. Thus Anders * has called attention to 
the error due to unequal heating of the ends of the instrument. His 
remedy for this was the clumsy and inaccurate one of removing the 
lamp after every observation ; it is evident, however, that the frequent 
reading of the zero now so strongly urged, and a sufficient distance 
between lamp and instrument, are better safeguards. 

Again, King f has called attention to the necessity of reading solu- 
tions containing any considerable amount of invert sugar at a fixed or 
known temperature because of the great influence of temperature on 
the specific rotation of that substance. Its influence on that of cane 
sugar also is too large to be neglected in accurate work where there is 
any considerable difference between the temperature of observation and 
that at which the instrument was graduated, and the same may be said 
of its influence on the rotation of the quartz wedges in the instruments 
using them. The errors due to these causes, except the last, may be 
avoided by the use of a jacketed tube; all solutions being made up and 
read at the temperature at which the saccharimeter was graduated. 
Unquestionably this method gives the most accurate results, but it is 
inconvenient for rapid work, so that I have calculated the factors by 
which the observed reading should be multiplied to obtain the true 
reading. In this calculation the coefficient of the cubical expansion of 
glass has been assumed as 0.000025 and that of the linear expansion of 
brass as 0.000019. The change in the specific rotation of the solution 
was found from the formula 1 —0.000171 (¢—17.5), and that of the 
quartz from Sohncke’s formula 1 + 0.0000999¢ + 0.000000318¢%. The 


* Zeitschrift des Vereines deutscher Ingenieure, 10, 321. + Chemical News, 48, 229. 
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actual expansion of a 23.7 per cent solution was calculated from 
Gerlach’s figures for the apparent expansion of 20 and 25 per cent 
solutions. 

In the table, column 1 gives the factors for a solution made and read 
at 7°, in an instrument without quartz wedges; column 2 for the same 
read against quartz; column 3 for a solution made at 17°.5 and read at 2 
directly ; column 4 for the same read against quartz. 


ra I. 2. 3. 4. 
10 0.9987 0.9978 0.9970 0.9961 
15 0.9996 0.9993 0.9990 0.9987 
17.5 1.0000 1.0000 1.0000 1.0000 
20 1.0004 1.0007 1.0011 1.0014 
25 1.0013 1.0022 1.0035 1.0044 
30 1.0022 1.0036 1.0060 1.0074 
35 1.0031 1.0051 1.0086 1.0106 
40 1.0040 1.0067 1.0114 1.0140 
Mean change per \ 0.00018 0.00030 0.00051 0.00062 
degree from 17.5 to 40 


Although these factors have been calculated for the Ventzke standard 
solution in brass tubes, they can be used for other solutions and glass 
tubes without serious error. The, difference between glass and brass 
tubes is 0.0002 at 40°, while Gerlach’s figures give the difference 
between the expansion of a 25 per cent and that of a 15 per cent 
solution as 0.0005 at 40° 

That the corrections here given are not too large will be seen from a 
comparison of the reading of a standard solution on several different 
saccharimeters at different times. The solutions were prepared by 
weight and the readings are the means of a large number of observa- 
tions. The first column gives the actual reading at the temperature 
given; the second, these readings corrected by Matecgzek’s table 
for density alone; the third, the same corrected by the factors given 
above. 





Z. I. 2. 3- 

PCS So color.) = 3 Sf ee 99.77 99.92 100.10 
2. C.S.color. . . . . 282 99.79 99.94 100.12 
3. C.S.color. . . . . 254 99.67 99.88 100.13 
oe 24.4 99.46 99.64 99.86 
ere : “lez9 99.39 99.68 100.00 
5. S.& H.color. . . . 28 99.23 99.52 99.85 
6. S.&H.shade. . . . 29 99.11 99.43 99.78 
ee. Serer 99.98 


Greatest variation from 100 . . ..... . 0.57 0.22 








e 
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2. Standard Solutions. — The Ventzke standard solution is usually 
spoken of as one containing 26.048 grams in 100 cubic centimeters. 
The greater delicacy of modern saccharimeters renders necessary greater 
precision of statement, and it should be defined as containing, at 17°.5 C., 
26.048 grams of pure sugar, weighed in air with brass weights, in 100 
Mohr cubic centimeters; z.¢., in the volume of 100 grams of distilled 
water at that temperature. This is not only the solution used in prac- 
tice and by the makers in graduating the saccharimeters ; it is also the 
solution supposed to correspond to the former standard specific gravity, 
1.1000. The original Ventzke solution * was one of specific gravity 
1.1056, or 25 per cent by weight, in a tube 234 mm. long, having a rota- 
tion of 56° for the red ray matching a given solution of anilate of iron. 
In fact, the graduation of Ventzke’s earlier saccharimeters was based 
on the last quantity, 56° being divided into 100 parts. Apparently on 
adopting Soleil’s improvements, the bi-quartz, wedges, and color com- 
pensator, and certainly between 1847 and 1857, the standard solution 
was changed to one of specific gravity 1.1000 read in a 200 mm. tube. 
I have not been able to find an original statement, of this change, or 
of the supposed equivalent of: the new standard solution, 26.048 grams 
in 100 cc. The latter is evidently taken from the Brix-Balling tables + 
of the specific gravity of sugar solutions. In these tables the percent- 
age by weight corresponding to the specific gravity 1.1000 is 23.68, 
which multiplied by 1.1 gives 26.048. But Balling does not mention 
reduction to weight in vacuo, and the specific gravities in these tables, 
as well as in those of Neimann originally used in Ventzke, are referred 
to water at 17°.5 C. as unity, so that the true interpretation is that the 
standard solution of specific gravity 1.1000 contains 26.048 grams, 
weighed in air, in the volume of 100 grams of water at 17°.5. Whether 
this statement is absolutely correct, or not, is immaterial, since the 
newer saccharimeters are understood to be graduated on the latter 
basis and not on that of specific gravity. That the use of Mohr 
flasks in saccharimetry is generally understood in Germany may be 
seen from the statements of Jena,ft Scheibler,§ Tollens,|| Schmitz,] 
Landolt,** and Schmidt and Haensch.}} 


* Journal fiir praktische Chemie, 25, 67, 81. 

t Verh. Ver. Bef. Gewerbefleisses Preussen, 1854, 132; Landolt und Bornstein, Physikalisch- 
chemische Tabellen, p. 152. 

¢ Post’s Chemisch-technische Analyse, 1882, p. 692, 704. 

§ Zeitschrift Verein Riibenzucker-Industrie, 17, 210, in Zt. anal. Chemie, 1867, 617. 

|| Berichte der deutschen chemischen Gesellschaft, 10, 1403; 11,1800. | /did.,10, 1414. 

** Annalen der Chemie, 190, 307, and Ber. d. c. G., 21, 195. ; 

tt Gebrauchs-Anweisung zu den Polarisation Apparaten, Berlin, 1887, p. 13. 
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Indeed, any mention of the matter would be superfluous if the text- 
books and authorities in English did not fail to recognize the custom. 
Allen* gives no directions for graduating the flasks ; Tucker gives for 
the 100 cc. flask the volume of 99.89 grams of water at 16°; Landolt,t 
99.875 grams in air at 17°.5; and a committee of the National Acad- 
emy § have taken as the standard solution one containing 26.048 grams, 
in vacuo, in the volume of 100 grams of water, in vacuo, at 4°C., or 
about 26.032 grams, in air, in the volume of 99.775 grams, in air, at 
17°.5. The difference between this solution and the one accepted in 
Germany is, therefore, nearly 0.2 per cent. It is evident that if the 
reduction to weight in vacuo were intended, the standard weights fur- 
nished would be 26.032 and not 26.048 grams, while unless this reduc- 
tion is made the reduction to 4° is meaningless. 

In this connection some facts in regard to the use of the Mohr cubic 
centimeter may be of interest. An examination of the books on analyt- 
ical chemistry at hand leads to the conclusion that it is used generally 
in Germany and the United States, commonly in England, and appar- 
ently not at all in France. The books may be divided into three classes, 
according as the cubic centimeter is defined as the volume of a gram of 
water in air at some ordinary temperature, in air at 4°, or in vacuo at 4°. 

In the first class are : — 

Bolley, Technisch-chemische Untersuchungen, ed. 4, by Kopp, 1874, p. 20. 

Church, Laboratory Guide, ed. 2, 1870, p. 97. 

Dittmar, Quantitative Chemical Analysis, 1887, p. 19. 

Fleischer, Volumetric Analysis, ed. 2, tr. by Muir, 1877, p. 18; and Muir, p. 23. 
Fresenius, Anleitung zur quantitativen chemischen Analyse, ed. 6, 1875, I., p. 35. 
Hart, Volumetric saalysis, 1878, p. 24. 

? Medicus, Massanal se, 1883, p. 17. 

Mohr, Titrirmethode, ed. 4, p. 39; ed. 6 by Classen, 1886, p. 41. Also in French, tr. 

by Forthomme, 1857, p. 33. 

Post, Chemisch-technische Analyse, 1882, p. 692. 

Rieth, Volumetrische Analyse, 1883, p. 8. 

? Schmid, Sanitarisch- und polizeilich-chemische Untersuchungen, 1878, p. 6. 
Sutton, Volumetric Analysis, ed. 5, 1886, p. 18. 

Winkler, Praktische Uebungen in der Maassanalyse, 1888, p. 19. 


In the second class : — 


Cairns, Quantitative Chemical Analysis, 1880, p. 3. 
Fresenius, Anleitung etc., ed. 5, 1867, p. 33, and American ed., 1888, p. 13. 
Hoppe-Seyler, Physiologisch- und pathologisch-chemische Analyse, ed. 4, 1875, p. 12. 


* Commercial Organic Analysis, 1886. ¢ Sugar Analysis, 1884, p. 178. 
¢ Handbook of the Polariscope, 1882, p. 183. 
§ Annual Report for 1887, p. 43. 
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In the third class :— 
Appleton, Quantitative Chemical Analysis, ed. 3, 1881, p. 43. 
Jagnaux, Analyse chimique, 1888. 
Muter, Analytical Chemistry, 1887. 
Thorpe, Quantitative Chemical Analysis, ed. 5, 1883, p. 116. 


In accordance with the prevailing usage, as thus shown by the text- 
books, the laboratories of the United States Department of Agri- 
culture, Harvard, Yale, Columbia, and the Institute of Technology, use 
gram rather than cubic centimeter flasks, and those laboratories which 
accept the makers’ graduation must of necessity do so, as practically 
all the apparatus sold in this country is graduated on this system. 
Whether the French makers apply the corrections to 4° and to weight 
in vacuo, I have not been able to ascertain. In view of this general 
agreement, it is to be regretted that the editors of the last American 
edition of Fresenius’ Quantitative Analysis have followed the edition of 
1867, without mentioning the complete change of opinion expressed in 
the last (1875) German edition. This change on the part of Fresenius, 
and the failure of Landolt’s recommendation to change the custom 
of sugar chemists, are strong indications of the convenience of the 
custom. 

The only other interpretation of the Ventzke scale is that of Tollens,* 
who makes 100° V. equal to 34°.6015 angular measurement for sodium 
light, and calculates the quantity of sugar necessary to obtain this as 
26.068 grams in air, in 100 Mohrcc. This value of 100° V. is, however, 
simply the value calculated by Landolt ¢ from Wild’s determination of 
the specified rotation of cane sugar, and was probably never used in 
actual graduation of instruments. Moreover, it is too high a value, since 
Wild's figures were for true cubic centimeters and weight in vacuo. 

The other arbitrary scale in common use, the Soleil, has been sub- 
jected to even more changes than that of Ventzke. From its original 
statement as the concentration necessary to produce in a 200 mm. tube 
the same rotation for the sensitive tint as a millimeter of quartz, its cal- 
culated or determined value will vary with the purity of the sugar, the 
accuracy of the determination, and the assumed or determined value of 
a millimeter of quartz. To these causes of variation inherent in the 
definition should be added the influence of temperature, the uncertainty 
as to the size of the flasks, and the correction to weight in vacuo, and 
possibly a difference between the ratios for sodium light, the sensitive 
tint, and the rays used in the shadow instruments for white light. 


* Berichte der deutschen chemischen Gesellschaft, 10, 1800. 
+ Zeitschrift fiir analytische Chemie, 7, 9. 
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What advantage has been taken of these possibilities for disagree- 
ment will be seen from the list of standard solutions proposed : — 


Grams in 
100 Cc. 
1846. Clerget, Annales de chimie et de physique, (3) 26, 175 16.471 
1851. Dubrunfaut, Comptes rendus, 32, 249 16.395 
? ~— Pouillet, Barreswil, Schlésing, Dubosq ‘ - 16.35 
1865. Wild, Neues Polaristrobometer (Na light, true cc., weight i in vacus) 16.315, 
1867. Scheibler, Zt. Ver. Riibenzucker-Industrie, 17, 210 (in air, Mohr cc.) 16.35 
1875. De Luynes and Girard, Comptes rendus, 80, 1354 (found [a], sugar 
67°.31, quartz 219.80) 16.19 
1878. Tollens, Berichte der deutschen cheenlachen Gesellschaft, ai, ‘1800 
(Na light, in air, in Mohr cc., quartz 219.7189) : . 17.337 
1879. Landolt, Optisches Drehungsvermoégen, p. 167. (calc. from Schmits; 
Na light, true cc., in vacuo) ; 16.302 
1880. Allen, Chemical News, 42, 177 (calc.) 16.26 
1880. Laurent, Saccharimétre Laurent, p. 11 16.2 
1885. Loiseau, Journ. fabr. sucre, 24, 52 16.25 
1886. Sidersky, Bull. assoc. chim., 3, 255 (calc.) 16.29 
1886. Richardson, Amer. Journ. Chem., 8, 72 (calc.) . 16.29 
1887. Kauders, Organ Oesterr. Ver., 1887, 645 (calc. from Schmit 16.315 
1887. Courtonne, Journ. fabr. sucre, 1887, 42 16.27 
1889. Gunning, Zt. anal. Chem., 28, 45 16.26 


Besides these values, Tollens* attributes to Dubrunfaut the value 
15.976, and refers to a paper on the subject by Scheibler, which I have 
not been able to obtain. 

The Laurent saccharimeter scale, however, is not based on a milli- 
meter of quartz, but on angular degrees, 100° of the one being equal to 
21° 40! of the other. If 66°.5 is taken as a mean of the best determina- 
tions of the specific rotation of a solution of about 15 per cent, the con- 
centration necessary to give 21° 40’ angular rotation is 16.29 grams, in 
vacuo, in 100 true cc. at 20°, or 16.31 grams, in air, in 100 Mohr cc. at 
17°.5. This figure might have to be further modified if the optical parts 
of the instrument were not exactly concentric with the graduated circle. 

3. The Effect of Color on the Determinations. — Holzer ¢ has shown 
that the determinations of colored solutions in a Mitscherlich saccha- 
rimeter, both by daylight and lamplight, are wholly unreliable, while 
very little difference is found in a Laurent sodium light instrument. 
Degener ¢ has since stated that the results of the Schmidt & Haensch 
half-shade saccharimeter are not affected by the color of the solution. 

_I have not seen any extension of this statement to the Soleil-Scheibler 
* Berichte der deutschen chemischen Gesellschaft, 10, 1412. 
¢ Jbid, 15, 1932. 
¢ Deutsche Zucker-Industrie, 1887, 1542. 
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color saccharimeter, though perhaps it might fairly be taken for granted, 
so that the following proof may be of some interest. 

A very dark melado sugar was clarified and read as usual, testing 
61.3. A second solution of the same sugar was filtered, but not decol- 
orized. Of this 2c. and § cc. were added to two portions of a refined 
sugar before making up to 100cc.; a third portion was read without 
any color. The results were :— 


Observed. Calculated. 
Refined sugar 99.0 — 
+ 2 cc. melado solution 100.1 100.2 
+ 5 cc. melado solution 101.9 102.1 


The last solution was too dark to be read very accurately, yet the agree- 
ment between the observed and calculated reading is close enough to 
show that the presence of any usual amount of color in the solution does 
not affect appreciably the result. 








1889. | Determination of Phosphorus in Iron. 379 


ON THE INFLUENCE OF SILICON ON THE DETERMINA- 
TION OF PHOSPHORUS IN IRON.* 


By THOMAS M. DROWN, M.D. 


THE process for determining phosphorus in iron, now in most general 
use in the laboratories of iron and steel works, is, I think, the one pro- 
posed by Mr. Emmerton.f In this process the solution of the iron for 
precipitation by ammonium molybdate is effected by treating the iron 
with nitric acid, evaporating to hard dryness in a dish, taking up in 
hydrochloric acid, and driving off the greater portion of the hydrochlo- 
ric acid by nitric. This procedure accomplishes, first, the destruction 
of all the carbonaceous matters; and, second, renders all the silica in- 
soluble. 

Experience has proved the former — the complete oxidation of the 
carbon —to be absolutely essential ; but the explanation usually given, 
namely, that unless the carbon compounds are destroyed they will have 
a solvent action on the yellow precipitate, Iam inclined to doubt. It 
seems to me more probable, as suggested by Mr. P. W. Shimer, that the 
conditions which are favorable for the oxidation of the carbon com- 
pounds ensure the complete oxidation of the phosphorus to ortho-phos- 
phoric acid, and that the reason of the imperfect precipitation of the 
phosphorus, when the solution of the iron in nitric acid is directly pre- 
cipitated by molybdate solution, is, that the phosphorus is not com- 
pletely oxidized. 

There have been many means proposed for destroying the carbon 
compounds — chromic acid, potassium chlorate, potassium perman- 
ganate, hydrogen peroxide, and others—which accomplish the pur- 
pose without the necessity of evaporating to dryness. The advantage 
of the latter method has been supposed to be that, in this way, the 
silica was at the same time rendered insoluble. 

The statement of Klein,f that in the determination of phosphoric 
acid in basic slag it is not necessary to separate the silica, since the 
ammonium silico-molybdate is soluble in three per cent nitric acid, 
led me to try the effect of precipitating the phosphorus in a solution of 


* A paper read before the American Institute of Mining Engineers at the Colorado meeting, 
1889. 
¢ Trans. Am. Inst. of Min. Eng., Vol. XV., p. 93. t Chem. Zeitung, 10, 721. 
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pig-iron without previously evaporating to dryness, The results agreed 
perfectly with others obtained in the usual way after the removal of the 
silica, and further investigation showed that the silicon, at least in the 
form in which it exists when pig-iron is dissolved in nitric acid, is not 
precipitated by molybdate solution. 

There is a very marked difference in the effect of nitric acid of dif- 
ferent strengths on pig-iron as regards the condition of the silicon, 
When the acid is strong (1.2 to 1.4 sp. gr.), much of the silicon becomes 
gelatinous and prevents filtration, while with more dilute acid the silicon 
goes almost entirely into solution. In a communication to the Ameri- 
can Institute of Mining Engineers in February, 1880,* I gave the effect 
of different strengths of hydrochloric acid on the silicon in pig-iron, 
showing that the strongest acid renders nearly all the silicon insoluble, 
and that weak acid dissolves it almost entirely. Generally speaking, the 
same is true also of nitric acid, as the following determinations show. 
It is interesting to note, in the following figures, that a nitric acid of 
medium strength dissolves more silicon than acid both stronger and 
weaker. The pig-iron used was a No. 1 foundry iron, with 2.42 per 
cent of silicon. 


ErFect oF Nitric ACID OF DIFFERENT STRENGTHS ON THE 
S1ticon IN Pic-IRon. 


Silicon Silicon Silicon ‘Silicon 
in . in * 
Graphitic sojition. Graphitic  soivtion, 
Per Cent. Per Cent. Per Cent. Per Cent. 
With nitric acid of 1.4sp.gr. 2.28f 0.14 | With nitric acid of 1.102 sp. gr. 0.12 
2.08¢ 0.34 0.12 
° “ ta ~¢ 0.75¢ 1.67 0.12 
0.44¢ 1.98 0.12 
«“ “ 116 “ 0,07 0.18 
0.07 “ . 1.082 “ 0.23 
‘“ “ 1.135 “ 0.07 0.23 
0.06 0.23 
0.06 “ “ 1070 “ 020 2.12 
0.06 : 0.24 
* - 1.116 “ 0.09 0.27 2.14 
0.11 0.31 2.12 





The solutions obtained with the use of acid of 1.4 and 1.2 specific 
gravity could not be filtered when concentrated, owing to the gelat- 
inous condition of the silica. They were, therefore, largely diluted, and 
an aliquot portion of the solution was obtained by filtration. In this 
the silicon was determined. 

* Transactions, Vol. VIIL., p. 514. ¢ By difference. 
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The solution made with acid of 1.116 sp. gr., and still more dilute, 
can be filtered without difficulty. The separation of gelatinous silica is 
not wholly a matter of strength of acid, neither is it wholly a matter of 
the percentage of silicon in the pig-iron. It has often been noted that 
different pig-irons, under identical treatment with nitric acid, will filter 
at different rates, and it sometimes happens that the iron with the least 
silicon proves the most refractory in filtering. This suggests that 
silicon may exist in different conditions in pig-iron,—a subject which 
cannot be further discussed in this paper. 

Another pig-iron was tested in this series of experiments —a gray 
forge iron, with 0.63 per cent of silicon — with the following results :— 

Silicon in the 
Graphitic Residue. 


Per Cent. 


With nittie acid Of .26p. Gr. 6 6 ke Hs ee el aE 
0.20 
ae 1.135 “ oe 4 & 66 ee 6 60d 5 
0.08 
0.05 
0.06 


From the foregoing it will be seen that the strength of nitric acid 
most favorable for the solution of pig-iron is about 1.135 sp. gr., and 
not 1.2, which is generally used.* In the solution thus obtained there 
is no tendency for the silica to separate ; not until the solution has been 
concentrated by boiling to small bulk does the silica begin to gelatinize. 

When molybdate solution is added to a solution of pig-iron obtained 
in this way, the phosphorus, as might be supposed, is only partially pre- 
cipitated, owing to the fact that this treatment with nitric acid is insuf- 
ficient to oxidize all the carbonaceous matters ; or, as I prefer to believe, 
insufficient to oxidize all the phosphorus to orthophosphoric acid. To 
effect this, any of the oxidizing agents already mentioned may be used. 
Potassium permanganate, as recommended by Shimer,t seems to me 
the most convenient ; but for the solution of the separated manganese 
peroxide I use, instead of hydrochloric acid, a small quantity of some 
organic substance, such as tartaric, citric, or oxalic acid, or sugar. The 
manganese oxide disappears almost instantly on the addition of the 
organic matter. After this treatment with permanganate and tartaric 
acid, which requires only a minute or two, the molybdate solution will 
give a complete precipitation of the phosphorus. 

* Acid of 1.135 sp. gr. is conveniently made by diluting acid of 1.2 sp. gr. with half its 


bulk of water, or by diluting 1.4 acid with water in the proportion of 3 to 7. 
+ Trans. Am. Institute of Mining Engineers, Vol. XVII. 
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The following determinations were made in order to discover whether 
there is any tendency for the silicon in solution to be carried down with 
the yellow precipitate, either mechanically or as silico-molybdate. The 
pig-iron used was that already mentioned, containing 2.42 per cent of 











silicon : — . 
I. 2. 2 4- 
Silicon in residue from nitric acid solution . . . 0.040 0.040 0.070 0.100 
Silicon in yellow precipitate . . . ‘ 0.030 0.050 0.012 0.012 
Silicon in washings of the yellow sivctblante with 
2percent nitricacid . .. . e . . 0.050 0.030 0.007 0.004 
Silicon in filtrate from the yellow predipltate . . + 2,250 2.210 2.340 2.280 
2.370 2.330 2.429 2.396 


There would thus seem to be no evidence of the formation of any pre- 
cipitate of ammonium silico-molybdate. 

The determination of phosphorus in pig-iron may be carried out in 
very much less time than is ordinarily needed if the separation of the 
silicon is omitted. Following is the procedure we have adopted in the 
laboratory of the Institute. 

About 1.5 gram of the pig-iron (or more if the iron.is very low in 
phosphorus) is treated in a covered beaker with 60 c.c. of nitric acid of 
1.135 sp. gr. (If preferred, 20 c.c. of water may be first added, and 
then 40 c.c. of nitric acid, sp. gr. 1.2. In the latter way the action at 
first is a little less violent.) The beaker is heated on an iron plate until 
action ceases ; three minutes is usually sufficient time if the borings are 
reasonably fine. The solution is then filtered from the graphite into a 
500 c.c. flask, and to the boiling filtrate are added 15 c.c. of perman- 
ganate solution of 5 gr. to the litre.* Boiling is continued until the 
pink color has disappeared, and a very few small fragments of tartaric 
acid are then added, which causes the precipitated manganese to go 
almost immediately into solution. The amount of tartaric acid need 
not exceed o.1 gr., although the addition of an excessive quantity, as 
much as one gram, does not affect the accuracy of the results. To the 
clear solution 10 c.c. of strong ammonia (sp. gr. 0.90) are added to 
partially neutralize the free nitric acid. This amount leaves the solu- 
tion still amber-colored ; it should not be so far neutralized as to become 
wine-colored. When the solution has cooled down to go’ C., 80 c.c. of 
molybdate solution ¢ are added, and the flask is closed with a rubber 

* The strength of the solution is not a matter of importance; I have found the above 
amount sufficient. Shimer uses 10 c.c. of a solution of 20 gr. to the litre. 


+ Made by dissolving 100 gr. of molybdic acid in — c.c. ammonia (sp. gr. 0.96), and 
adding 1000 c.c. nitric acid (sp. gr. 1.2). 
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stopper, wrapped in a towel, and shaken vigorously for five minutes, as 
recommended by Emmerton. 

From this point on the directions of Emmerton, in his paper already 
mentioned, are followed; namely, reduction by zinc and titration by per- 
manganate. If fine, powdered zinc is used, it may be entirely dissolved 
in ten minutes, but filtration from the undissolved zinc seems generally 
to be preferred. 

The following results were obtained in this way on the sample of pig- 
iron containing 2.42 per cent of silicon, in comparison with the older 
method of dissolving the iron in nitric acid, evaporating to dryness to 
separate silica, and precipitations by molybdate solution and magnesia 
mixture. 


No. 1 Pic-IRON, CONTAINING 2.42 PER CENT SILICON. 


New Method. Old Method. New Method. Old Method. 
Phosphorus . . 0.272 0.284 Phosphorus . . 0.291 0.284 
0.279 0.291 
0.290 0.278 
0.280 0.294 
0.291 0.293 
0.292 0.286 
0.289 0.294 
0.292 0.294 
0.297 0.288 
0.296 0.292 
0.289 0.288 





® 

The rate of oxidation of the reduced molybdenum sesquioxide on 
exposure to the air is very slow, and is ordinarily not taken into account. 
Mr. J. W. Loveland found that it amounted, in this series of experi- 
ments, to 0.001 per cent of phosphorus for every ten minutes’ standing 
before titration with permanganate. The foregoing results are all cor- 
rected with this factor. If rapidity of determination is of the first 
importance, a few minutes may be saved by omitting the filtering off of 
the graphite. Many trials show that this omission doés not affect the 
accuracy of the results, although the removal of a foreign insoluble sub- 
stance from the liquid enables one to carry out the process with greater 
satisfaction. 

A considerable number of determinations were made by Mr. J. T. 
Greeley, a student at the Institute, of the phosphorus in the sample of 
gray forge iron containing 0.63 per cent of silicon, without filtering off 
the graphite. They are as follows : — 
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GRAY ForGE IRON, CONTAINING 0.63 PER CENT SILICON. 
New Method. Old Method. 
Picspeers: 6 os 3 0.632 
0.625 0.635 
0.631 
0.640 
0.633 
0.627 
0.629 
0.645 
0.635 


Two determinations made in the solution of the same pig-iron after 
filtering off the graphite, were : 0.636 and 0.631. 
Further results obtained by Mr. Greeley are given below : — 


BESSEMER IRON, CONTAINING 1.18 PER CENT SILICON. 


New Method. Old Method. 
PRoepnares on ss ee es RRS 0.084 
0.085 0.087 
0.086 
0.086 
0.085 


No. 1 Pic-IRON, CONTAINING 2.29 PER CENT SILICON. 


New Method. Old Method. 
PROGINS 8 a ee a 0.334 
0.327 0.330 
0.334 
0.324 
0.3822 


The process for steel is, of course, the same as for pig-iron, except 
that the question of filtration from the graphite does not arise. Ina 
sample of Bessemer steel the following results were obtained : — 


New Method. Old Method. 
PHOSDHOME 406 ss ss os OE 0.061 
0.060 
0.061 


When one is familiar with the details of the process, a determination 
of phosphorus in pig-iron can be easily made in less than an hour. 

I am indebted to Mr. James W. Loveland, Assistant in Chemical 
Analysis in the Institute of Technology, for valuable aid in this investi- 
gation ; the credit for the analytical work, except as otherwise men- 
tioned, is due entirely to him. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 

May, 1889. 
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THE MAGNETIC CIRCUIT: A THEORETICAL DISCUS- 
SION, INCLUDING A FORMULA FOR MAGNETISM IN 
SOFT IRON. 


By EDWARD COLLINS, Jr. 


In this discussion it is assumed that a complete analogy exists be- 
tween Ohm’s law for the voltaic circuit and the law of magnetic lines 
of force in the magnetic circuit; that is, that the number of lines-of- 
force (JV) is always equal to the magneto-motive-force (/) divided by 
the magnetic resistance (A). 

Of these three quantities, VV, /, and R, the first alone comes under 
the ordinary list of quantities in the centimetre-gram-second system, 
and is commonly known as “strength of field.” It is necessary to 
express the other two in the centimetre-gram-second electro-magnetic 
system, and also to find their numerical relation to other quantities. 

First, consider magnetic resistance, as simplest. The resistance of 
any cylindrical or prismatic body is equal to 


length 
(area of cross-section) x (specific conductivity)’ 





or, in units, 





where « is the specific magnetic conductivity, which for present pur- 
poses may be considered constant, and therefore drops out of a formula 
for dimensions. Hence, the dimensions of magnetic resistance are 
given by the equation 

Rau £ 


In numerical cases, of course, « must be considered. 

Next, consider magneto-motive force. Imagine a straight conductor 
of length Z carrying a current of strength C. Then the intensity of 
field (7) at any point at a perpendicular distance (/) is given by the 


equation / = = where ¢ is the angle subtended by the conductor, 











386 Edward Collins, Jr. [May, 


expressed in, circular measure. Also, since / is equal to the number of 
lines-of-force per unit of area, then 


ine. Sa ee or n= &?. 
A A rs Z 


But Nae by the original assumption. The path of these lines of 


force is a circle around the conductor, and its length is therefore 27/. 
Hence, z 

R= aul and N= FA « 

A and 


Equating these two values of J, 


Clb _ FA 
Z aml 


Cancelling t from each, and transposing, 
F=27rC¢. 


In this equation 2 and mw are numerical constants, and ¢ is simply a 
function of the ratio of one length to another, and therefore drops out. 
From this it follows that the dimensions of magneto-motive-force are 
the same as those of current; that is, 


F=L'M'TH. 


For numerical cases the equation F = 27¢@C must be used. If the con- 
ductor consists of a coil of (z) turns, 6 = 27m, and / = 472nC, where 
C is in absolute units. This is therefore the numerical value of the 
magneto-motive-force tending to cause lines of force to flow through 
the coil, around the outside, and back again. It is independent of the 
shape and size of the coils, and of the special place in the coil where the 
magnetic circuit passes through. 

As is well known, the presence of soft iron increases the number of 
lines-of-force. This effect is due to the lower magnetic specific resist- 
ance of iron as compared with air, or to its higher permeability, which 
is the reciprocal of resistance. As the permeability of iron is not a 
constant, but depends upon the density of the lines of force already in 
it, the resultant strength of field will not be proportional to the magneto- 
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motive-force, or to the intensity of field which would exist if the iron 
were removed. 

Of the various formulas commonly given for magnetization, none 
are sufficiently general, and those which are based on theoretical consid- 
erations do not consider the magnetic circuit as such. In Lamont’s 
formula, which is probably the best, it is assumed that the permeability 
at any stage is proportional to the difference between the actual inten- 
sity of magnetization and a certain maximum intensity (Z) ; that is, 


k is proportional to (Z7—/). 
The formula is 
l=Z(1-—e*), 


where x» is the initial permeability and x is the exciting field. When 
pushed to extremes, this formula implies that the number of lines-of- 
force when iron is present cannot exceed a certain value, although if 
iron were not present, it might be increased without limit. This does 
not agree with facts. The same objection applies to Froelich’s formula 
and to the various arc-tangent formulas, unless they are understood to 
refer only to the additional field strength due to the presence of iron. 

Every substance possesses a certain property known as “magnetic 
susceptibility” («) which is related to magnetic permeability («) by the 
equation « = I + 47p. 

Magnetic susceptibility is positive for magnetic, zero for non-mag- 
netic, and negative for dia-magnetic substances. It is here assumed 
that this is the property in iron that is directly affected by the density 
of the lines-of-force in it, and not the permeability, as Lamont assumes. 
It is further assumed that the susceptibility at any stage is proportional 
to the difference between the additional intensity of field caused by the 
iron and a certain constant intensity ; that is, 


p is proportional to Z—(7—JZ,), 


where J, is the intensity of field which would exist if the iron were 
removed. If po is the initial susceptibility, then 


(Z-U-1,) 


os Z y’ 


and 


c= 144mm { 2 Fa}. 


Everything is now prepared for deducing the law connecting number 
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of lines-of-force and magneto-motive-force in a circuit consisting partly 
of soft iron of uniform cross-section and partly of air or other non- 
magnetic substance. The following symbols will be used : 


JV = number of lines-of-force in circuit. 

# = total magnetic resistance in circuit. 

/ = total magneto-motive force in circuit. 

£ = length of iron part of circuit. 

A = area of cross-section of iron. 

p = magnetic resistance of air-gap (constant). 
« = permeability of iron. 

p = susceptibility of iron. 

#) = initial susceptibility of iron. 

Z = a certain constant previously used. 














T= 3.14159 +°+. € = 2.71828 +>. 
First, 
F aPF 
N= —y o% =>—; 
R wi R 
R= +2, 263 aN= — es — d 
a +p Ss 
Also, 
k= 1+ 4my)) Fa 4} , 
and 
r=”, and L=z— 
taal 
Therefore ° 
a 
ie 
K=1+ 47% ave. ; 
Zz 
and 
ge aa \ ) 
I+ 47Mo < +2) 
aN rd — aF. 
= 4 F {e- a . 
J, = i 
Sth) 1 +470 +? 
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Only the principal steps of the integration will be indicated, as the 
actual operation is exceedingly cumbersome and tedious. It will be 
seen that the equation may be put into this form, 


- a+bF+cN 
a+ p(6F+clV) 





b] 


since the only variables are F and V. If x is substituted for 6¥ + cJ, 


and consequently, ae OOF tg aN, the variables x and F can be sepa- 
c 


rated, and the equation takes this form: 





ax 
adF=a'd. b' . 
a@ax+ (- + 2) 


Integrating, 
e Faa'x + dlog.(x +c) +C. 


The constant C is determined by the condition that when F is zero, J, 
and hence x, must be also zero. Then, 


Fo=a'x+ aoa. (§ a ) 
c 
Making all the proper re-substitutions and transformations, 


L 
Pugh LEAD yy Z 


ATH “| Z(L+ 4p) 


2 





or, transforming again, 


Amro 
a a AZ J : _ aera” ; 
A 


This is the complete formula. It will be seen that JV consists of one 
part which is equal to the number of lines-of-force which would exist 
without the iron, and of another part, due to the iron, which approaches 
a maximum value AZ as F increases. Undoubtedly the formula is 
more accurate than any other, but unfortunately it cannot be solved for 
XN except in some special cases. An interesting case is where there is 
no air-gap (p = 0), and where A = 1, and F=/L (f = force per unit of 
length). In this case the conditions are the same as those for which 
some other formulas are designed. Then, 


_ {tH 
westzls —« * ), 
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This may be compared with Lamont’s formula, written as 


N= zs ugh 


If it is desired to use these results in connection with dynamo ma- 
chines, the best equation is the following, which gives F for a desired 
value of V: 


L 
F=pn-2 E+) Oe des 2 il I 
_ Z(L+4p) | 





where J/ is the modulus of common logarithms = .43429 + -*-. 

This equation may be solved approximately as follows. Since F is 
usually small compared with J, it may be neglected in the second mem- 
ber, or a probable value assumed. This will give an approximate value 
for F, which, when used in the second member, will give a new value, 
sufficiently accurate for most purposes. This process can be repeated 
to any desired degree of precision. 

It is important to note that g, the resistance of the air-space, must be 
taken so as to include the path of the waste lines-of-force ; that is, those 
which pass outside of the armature, and JV as used in the equations, 
include the waste lines-of-force. Their action is not only useless, but 
injurious, for they help saturate the iron and reduce its permeability. 

It is also worth noticing that the effect of increasing Z, LZ, or f, 
which occur in the denominator of the exponent of e in the formula for 
JV, is to postpone and diminish the saturation effect, and thus increase 
the number of ampére-turns required to saturate the iron to a given 
extent. 
~ In conclusion, some numerical values of V and F will be given, cal- 
culated from the last formula in such a manner as to obtain accuracy 
in the fifth decimal place. The magnetic circuit taken may be con- 
sidered as a small longitudinal section from a dynamo machine, through 
field-magnets, air-gap, and armature. The following data are taken: - 


A = 1 square centimetre. 


LZ = 135.44 cm. 
p=tl. 
Z = 20000 


\ values for very good iron. 
fo 5° 
SS = 2533 = number of turns of wire in coils of field magnet. 


The values of Z and S are chosen so as to simplify the calculation. One 
ampére in a coil of 2533 turns produces a magneto-motive force of 10000. 
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CURVE oF MAGNETIC INTENSITY. 
* ORDINATES - INTENSITY - 
ABSISSAS. CURRENT. 11 AMPERES 





RESULTS. 
NV. 
1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
gooo 
T0000 
11000 
12000 
13000 
14000 
15000 
16000 
17000 
18000 
19000 
20000 


These results are plotted in a curve. 


1220.7 
2453-2 
3698.9 
4959.2 
6236.1 
7531-9 
8849.3 
10190. 
11563. 
12971. 
14414. 
15917. 
17480. 
19129. 
20888. 
22812. 
24982. 
27582. 
31118. 


38505. 


391 
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A rough calculation gives the “diacritical point”; z.¢., the point at 
which the magnetic conductivity of the circuit is halved, as reached 
when the intensity of magnetism is about 17100. As mentioned before, 
the location of this point depends upon the air-gap as well as upon the 
quantity and quality of iron. Prof. S. P. Thompson appears to have 
neglected the consideration of this fact in his formulas, although he 
alludes to it in a discussion of the influence of projecting teeth in 
armatures. 


Mass. INSTITUTE OF TECHNOLOGY. 
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INTRODUCTORY. 


HE TECHNOLOGY QUARTERLY is published by a Board of Editors chosen from the 
Senior and Junior classes of the Massachusetts Institute of Technology, repre- 
senting, so far as possible, all the departments of the Institute. 

A large amount of original work is done in the Institute every year by the advanced 
students which lacks a suitable channel of publication. It is thought by the editors 
that the QUARTERLY will be an acceptable journal if it contains nothing more than the 
results of the original investigations made in the chemical, physical, mining, mechan- 
ical, and biological laboratories, and also in the departments of civil engineering and 
architecture. But it is further expected that the alumni of the Institute will be glad of 
this medium for recording their investigations and the results of their practical work. 

The QUARTERLY will be issued four times during the school-year— October, 
December, February, and April. 


The subscription price is $2 a year, in advance; single copies 60 cts. 
The first volume, bound, $2.50. 
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ALBERT L. RUSSELL, 
Telegraph and Electrical Instruments, 
GALVANIC BATTERIES, 


Line Wire, Insulated Magnet Wire, Fine Instruments for Electric Testing, Etc. 
SUCCESSOR TO CHARLES WILLIAMS, JR. 


tog COURT STREET, - - BOSTON, MASS. 


seaiabiinsis - BL215, 








SOLE MANUFACTURERS OF 


VALVOLINE « LUBRICATING * OILS. 


WILLIAM JAMES GOULDING, Manager, 
149 BROAD STREET, BOSTON, MASS. 


Morse Twist Drill »° Machine Company, 
NEW BEDFORD, MASS., 


MANUFACTURERS OF 





Morse Pat. Straight-Lip Increase Twist Drilis. 








Beach’s Patent Muuinc Taper, Solid, and 
Self-Centering Shell 
CHUCKS. REAMERS. 


SOCKETS. 


Bit-Stock Drills. “ 
Machine Bits for 
Wood. 


Standard Gauges. CurTTERs. Tap Wrenches. 


Special Tools and Drill Grinding Machines. 
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HOLMES & BLANCHARD, 


MANUFACTURERS OF 





French Buhr Millstones, 


IMPROVED PORTABLE MILLS, 


MILL-GEARING OF ALL DESCRIPTIONS, 


And all Machinery for grinding Corn, Wheat, Salt, Coal, Etc., Etc. 


BOLTING-CLOTH, MILL-PICKS, AND ALL MILLERS’ SUPPLIES. 





Machinery used in manufacturing and grinding PAINTS and COLORS in oil, japan, or water 
BONE MILLS, and all machinery for Manufacturing and Mixing Fertilizers. 


CHOCOLATE MILLS, HOT KETTLES, MELANGEURS, ROLLS, COCOA-CRACK- 
ERS, Etce., Etc. 


PLATFORM ELEVATORS, for Stores and Warehouses. 
New England Agents for WATERTOWN STEAM~ENGINE CO.’S AUTOMATIC and 


ENGINES, 


PORTABLE AND DAIRY ENGINES AND BOILERS. 





WOOD-COGGED GEARS in great variety. OLD GEARS RECOGGED. 


SHAFTING, PULLEYS, AND HANGERS in large stock, always on hand, ready for imme- 
diate delivery. 


TRANSMISSION OF POWER BY WIRE ROPE arranged, and all parts furnished and set. 





MILLWRIGHT-WORK OF ALL KINDS. 


37 and 39 Charlestown Street, BOSTON. 
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Cuts for College Publications! 








VIEWS OF COLLEGE BUILDINGS, PORTRAITS OF 
THE FACULTY, and ILLUSTRATIONS 
FOR COLLEGE JOURNALS. 





CLASS PICTURES AND ALBUMS A SPECIALTY, 





Copies of Architectural, Mechanical, Scientific, and other Drawings, Maps, Plans, 
and Diagrams. Artistic Programmes, Invitations, Menu 
Cards, Dance Orders, Etc., Etc. 





A NEW LINE OF CHOICE AND ATTRACTIVE 


Heliotype Engravings 


Now Ready. Printed on heavy plate paper, 22 x 28 inches, with Engraved Title and India Tint. 
PRICE, 75 CENTS EACH. Sent postpaid, securely wrapped in 
roll, on receipt of One Dollar. 





AN ILLUSTRATED CATALOGUE SENT ON RECEIPT OF STAMP. 


HELIOTYPE PRINTING CoO., 


211 Tremont Street, Boston. 
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LOWEST PRICES ON 


DRAFTING INSTRUMENTS, 
«1 COLORS, be 


Blue Process Papers, 


Drawing Papers, 


T Squares, Scales, 


Curves, Triangles, 
AND ALL KINDS OF 


ARCHITECTS’ AND ENGINEERS’ SUPPLIES, AND ARTISTS’ MATERIALS, 


WADSWORTH, HOWLAND & CoO.’ 


82 and 84 Washington St., and 46 Friend St., 


BOSTON, MASS., 
263 and 265 Wabash Ave., Chicago, III. 


Portland St., Boston. 


FACTORIES: cnr St., Chicago. 


SEND FOR CATALOGUE. 





EVERY STUDENT SHOULD READ 


The Electrical World! 


A handsomely and copiously illustrated 28-page Weekly Review of Current 
Progress in Electricity and its Practical Application. 
Issued every Saturday. 


W. H. JOHNSTON, Editor and Publisher. 


T. COMMERFORD MARTIN and 
JOSEPH WETZLER, 


Associate Editors. Cas E. STUMP, 
Business Manager. 
Publication Offices, 168-177, Potter Building, New York. 


SUBSCRIPTION, IN ADVANCE, ONE YEAR, THREE DOLLARS. 


Postage in the United States and Canada is always prepaid by the Publisher. 





THE ELECTRICAL WORLD 


Is the PPONEER WEEKLY ELECTRICAL JOURNAL OF AMERICA, and has well maintained its lead. 
It HAS the largest circulation of any periodical in the world devoted ‘to electricity, and is noted for its 
ABILITY, ENTERPRISE, INDEPENDENCE AND HONESTY. 

Avoiding abstruse technicalities, Phe Electrical World seeks to keep its readers informed of 
every event of importance, every new discovery, invention, application and theory in which Electricity plays a 
part. No one who desires to keep abreast of the wonderful activity in electrical discovery and invention that 
characterizes our times, can afford to be without it. 

Correspondence, news items, views and opinions on all topics within the province of this journal are cor- 
dially invited from any part of the ‘world, 
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RUBBER BELTING, PACKING «° HOSE. 


OLDEST AND LARGEST MANUFACTURERS IN THE UNITED STATES OF 


VULCANIZED RUBBER FABRICS 


For Mechanical Purposes. 


STEAM HOSE 
A Specialty. 






















RUBBER MATS, x0 
RUBBER MATTING, & @9N@) = 
= == STAR TREADS, “COR ope 
New YorK BELTING & PACKING Co.,, 
JOHN H. CHEEVER, Treasurer, {5 Park Row, New York. 
Boston Brancu: 52 SUMMER STREET. 


LIDGERWOOD MANUFACTURING COMPANY, 


il, ‘ MANUFACTURERS OF IMPROVED 
HOISTING ENGINES AND BOILERS 


FOR RAILROAD PURPOSES, 
EXCAVATING AND PILE DRIVING. 





OVER 5000 ENGINES IN USE. 300 STYLES AND SIZES. 
as 96 Liberty St., NEW YORK. 

“ 900 : “4 34 & 36 West Monroe St., CHICAGO. 

f , 197 to 203 Congress St., BOSTON. 


IMPROVED ROCK-CRUSHERS. 





THE BLAKE STYLE. P 
For crushing all kinds of hard, brittle substances. 
QUARTZ, EMERY, AND CORUNDUM, 
Also TRAP ROCK for 
ROAD BALLAST AND CONCRETE. 
Over 40 Gold and Silver Medals. 
Mr. 8. L. MARSDEN, who for the past twenty years has 


been c nnected with the manufacture of the ‘* Blake Crusher,” 
New Haven, superintends the construction of this machine. 





FARRELL FOUNDRY & MACHINE CO., 
ANSONIA, CONN. 
COPELAND & BACON, Agents, 85 Liberty Street, New York, 535 Arch Street, Philadelphia. 
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B. F. STURTEVANT, 


PATENTEE AND SOLE MANUFACTURER OF THE 


Sturtevant Blower and Exhaust Fan. 





for purposes of Ventilation. 








For Cupola Furnaces, Forges, Steam Boilers, 
*saumingy snoIxoN 2)0 pup fayoug 
Qsnpmavg pup shuranys {fo Burhaaws 407 








Heating Furnaces, Drying Wool, Cotton, etc., and 
‘spy Buraomoagy ‘spay Aaoumg puv puvog wou ind 








OFFICE AND WORKS AT JAMAICA PLAIN, BOSTON, MASS. 
F. J. Sawyer. Edward Blake. 
NEW ENGLAND AGENTS, 


Sprague Electric Railway & Motor Co. 


Motors for running Street Cars, Elevators, Print- 
ing Presses, Lathes, Pumps, Sewing Machines, 
Ice Cream Freezers, Shoe Machinery, Ventilat- 
ing Fans, Coffee Mills, Etc. 


MILL WORK A SPECIALTY. 
No. 55 OLIVER STREET, BOSTON, MASS, 


Prices of Motors and all information on Application. 


A. i WILKINSON & CO., 


IMPORTERS, MANUFACTURERS, AND DEALERS IN 


HARDWARE AND FINE TOOLS 


OF EVERY DESCRIPTION. 


Lathes, Scroll Saws, and Machinists’ and Manufacturers’ Supplies. 











180 to 188 WASHINGTON STREET, and 19 to 25 DEVONSHIRE STREET, 
“htt BoaTOon. 

















ADVERTISEMENTS. 





THE 


Massachusetts Institute of Technology, 


BOYLSTON ST., BOSTON, MASS. 





FRANCIS A. WALKER, President. 





HE School of Industrial Science aims to give thorough instruction in Civil, 
Mechanical, Chemical, (established this year,) Mining, and Electrical 
Engineering, in Chemistry, Architecture, Physics, and Natural History. It 
offers, also, a course in Biology, preparatory to the study of Medicine, and a 
General Course based upon scientific study and experiment, but admitting of 
more instruction in language, literature, and political science than is possible in 
the other courses. 

To be admitted to the School, the applicant must have attained the age of 
seventeen years, and must pass examinations in arithmetic, algebra, plane 
geometry, English grammar and rhetoric, modern history and literature, French 
(or German), and geography. A definite division of these examinations between 
two successive years is allowed. 

Examinations will be held on May 31st and June tst, in Boston, New York, 
Philadelphia, Chicago, Washington, San Francisco, St. Paul, and Pittsburgh, and 
probably in Montreal, St. Louis, Cincinnati, Nashville, and Atlanta; and on Sept. 
18th and roth, in Boston only. 

Instruction is given by means of lectures and recitations, supplemented by 
appropriate work in the laboratory, drawing-room, or field. To this end, exten- 
sive laboratories of chemistry, physics, biology, mining, mechanical engineering, 
applied mechanics and the mechanic arts have been thoroughly equipped, and 
unusual opportunities for field-work and for the examination of existing struct- 
ures and industries have been secured. 

The work of instruction is in charge of thirteen professors, fifteen associate 
and assistant professors, and forty-seven instructors and assistants. It is sought 
to give, so far as is practicable, personal instruction to small sections, rather than 
lectures to large bodies of students. 

The regular courses are of four years’ duration, and lead to the degree of 
Bachelor of Science. Shorter special courses are offered to those properly pre- 
pared, and advanced degrees of Master or Doctor of Science and of Doctor of 
Philosophy are given for study subsequent to graduation. 

The tuition fee, including everything except breakage in the chemical labo- 
ratory, is $200 a year. In addition, $25 or $30 per year are required for books 
and drawing-materials. 

For catalogues and information, address 

JAMES P. MUNROE, Secretary. 
(8) 
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GOULD & BBERHARDT, 


Near Market Street Depot Penn. R.R., Newark, N.J. 


MAKERS OF 













Tac? 35: 


EBERHARDT'’S PATENT NEW PATENT SHAPERS. 


TOOL-GRINDER. OVER 1000 IN USE. 
3 Sizes. Sizes, 10, 15, 20, 25, 30-inch. 


MODERN AUTOMATIC MACHINERY. . 





EBERHARDT’S PATENT ENTIRELY EBERHARDT’S PATENT 
AUTOMATIC GEAR-CUTTER. AUTOMATIC DRILL-PRESS. 
Sizes, 18, 25, 36, 50, 60, 84-inch. Sizes, 24, 30, 36, 42-inch and upward. 
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. 


C. H. BUSHNELL & C 





Worcester, Mass., 
U.S.A.,, 


MANUFACTURERS OF 


— KNUCKLE-JOINT PRESSES 


For Hand and Power, and for a variety of uses, 
SUCH AS 


Cotton Mills, Woollen Mills, Paper Mills, Wood-Pulp 
Mills, Dye Works, Bleacheries, Electrotypers, Book- 
binders, Printers, Tanners, Veneer, Wax, Curriers, Belt- 
ing, Cotton, Rags, Oleomargarine, Scrap, Herbs, Tinc- 
tures, Drugs, ine, Cider, Paraffine, Cotton Seed, Lin- 
seed, Castor, Fish, and Lard Oils. 


Correspondence solicited, especially from parties requiring Presses 
for new or difficult work. 





Illustrated Catalogues sent on Application. 










EMIL GREINER, 


MANUFACTURER AND IMPORTER OF 


CHEMICAL, PHYSICAL, »° ELECTRICAL GLASS APPARATUS. 


No. 79 NASSAU STREET, setween ructon ano soun sts., VEW YORK. 





SOLE MANUFACTURER OF GE[SSLER & SPRENGEL’S AIR PUMPS. 
Apparatus and Parts of Apparatus furnished and repaired. 


Any Glass Apparatus 
according to description. 























CHIME 














CROSBY STEAM GAGE AND VALVE U0., 







MANUFACTURERS OF THE 
CROSBY IMPROVED STEAM GAGE, 
Crosby Pop Safety-Vaive, 
Crosby Water-Relief Valve, 
Crosby Steam Engine Indicator. 


Also, Bourdon Pressure and Vacuum Gages. 
Hydraulic, Compound, Combination, Test, 
Ammonia, and all other Gages. Revolu- 
tion Counters, Marine Clocks, Test-Pumps, 
Etc., Etc. Vicrory Srezam-CyLInDER Lu- 
BRICATOR. 


SINGLE-BELL CHIME WHISTLE. 





IMPORTERS OF 
AMSLER’S POLAR PLANIMETER, 


IMPORTERS AND PROPRIETORS OF 
INVINCIBLE Glass Tubes. 


INDICATOR 


SoLte Unirep Stares AGENTS FOR 
Guilbert-Martin’s Patent RED-REFLECTING Glass Tubes. 
Dealers in all Instruments Incidental to the use of Steam and other Fluids. 


66 JOHN ST., NEW YORK. - - - 75 QUEEN VICTORIA ST., LONDON. 
Office and Salesroom, to which address ali letters, 
93 OLIVER S8T., BOSTON, MASS. 
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HILL, CLARKE o Cup, 





LATHES, PLANERS, DRILLING AND MILLING 
MACHINES, Etc., Etc. 





156 OLIVER STREET, Cor. PURCHASE, 


BOSTON, MASS. 
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A /onic 


Horsford’s Acid Phosphate 


Prepared under the direction of Prof. E. N. HORSFORD. 





This preparation 1s recommended by Phy- 
sictans as a most excellent and agreeable 
Tonic and Appetizer. It nourishes and in- 
vigorates the tired brain and body, imparts 
renewed energy and vitality, and enlivens the 


Junctions. 





Dr. P. W. THOMAS, Grand Rapids, Mich., says: 
“One of the best tonics. It gives vigor, strength, and quiet sleep.” 


Dr. H. K. CLARKE, Geneva, N.Y., says: 

“It has proved of great value for its tonic and revivifying influence.” 
Dr. R. WILLIAMS LeROY, N.Y., says: 

“ A good general tonic, and worthy of trial.” 


Dr. J. H. STEDMAN, West Brattleboro, Vt., says: 
“ Best tonic I ever used.” 





DESCRIPTIVE PAMPHLET FREE ON APPLICATION TO 


RUMFORD CHEMICAL WORKS, Provipence, R: 1. 
BEWARE OF SUBSTITUTES AND IMITATIONS. 
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Geo. F. BLAKE MEG. Co. 


—— BUILDERS OF —— 





ALL KINDS OF 


SESSSS STEAM © POWER “Emp 
PUMPING MACHINERY, 


Large and Small, for Every Kind of Service. 








SINGLE STEAM 
—OoR— —OoR— 
DUPLEX. Wane POWER 





POWER PUMP. 
MORE THAN 20,000 IN USE. 


A FuLu Line Kept CONSTANTLY IN STOCK AT OUR NEW AND 


COMMODIOUS QUARTERS, 


111 Federal Street, Boston, Mass. 





NEW YORK WAREHOUSE, 95 AND 97 LIBERTY STREET. 





SEND FOR CATALOGUE. 
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MANNING, MAXWELL & MOORE, 


Manufacturers of and Dealers in ail kinds of 


Railway »° Machinists’ Tools »° Supplies. 


We carry in Stock the LARGEST LINE OF FIRST CLASS MACHINE TOOLS in the city, 
and a complete line of SMALL TOOLS and MACHINE SHOP SUPPLIES, 


Salesrooms: 111 and 113 Liberty St. - NEW YORK CITY. 











Cuas. A. MOORE, Pres. M. Luscoms, Treas. GEO. W. RICHARDSON, Supt. 
CAPITAL, - - $100,000. 











Sole Manufacturers of the 


Only Solid Nickle Seated Safety Valve 4 


FOR MARINE AND STATIONARY BOILERS. 


Approved by U. S. Board Supervising Inspectors. Adopted 
by U. S. Navy, and furnished to all the Steel Cruisers. Made 
specially to comply with the recent requirements of U.S. Steam- 
boat Inspectors. Angle of seat 45°, and allowed 50 per cent 
higher rating than Government Lever Valve. The only Safety 
Valve made with 


Richardson's Patent Adjustable Screw Ring. 


Send for Illustrated Catalogue. 


We are prepared to furnish the Best Sarety VALvE MADE, 
and at very low prices, when Qua.ity and Capacity are con- 
sidered. Address, 


¢ > wi 
Niceue Seaven. THE CONSOLIDATED SAFETY VALVE €0., 0 yscur vate. 


SALESROOM, 111 Liberty St., New York. - WORKS, Bridgeport, Conn. 











E. L. Maxwe t, Pres. C. A. Moors, Vice Pres. H. S. Mannina, Treas. M. Luscoms, Sec. 


THE ASHCROFT MFG. COMPANY, 


Sole Manufacturers of 


The Tabor Steam Engine Indicator. 
Approved and Adopted by the U. S. Government. 


ENGINEERING OFrFIcE oF CuHas. E. Emery, 
22 Cortlandt St., N.Y., Sept. 8, 1887. 
Tue Asucrort Merc. Co., 111 Liberty St., N.Y 
Gentlemen: Responding to your request, I would state that I 
have purchased for myself and others several Tabor Indicators, and I 
cheerfully bear testimony to the excellent workmanship upon * them, 
to the correctness of the principles involved, and to the uniform 
veliabitity and thorough adaptation of the instruments for taking ac- 
curate indicator diagrams at esther high or low speeds. 
Very truly yours, 
CHAS. E. EMERY. 
Also STEAM AND VACUUM GAUGES, with 
Patent Seamless Draw Tube. 
Steam Traps, Packer Ratchet Drills, Stanwood Cutters, Marine Clocks, 
Engine Revolution Counters, Test Gauges, Oil Cups, Test Pumps, 
Locomotive Spring Balances, Steam Whistles, Salinometers, and all 
Instruments for Measuring Steam, Air, Gas, or Water. 


Office and Ealesroom, 111 Liberty St., New York. Factory, Cridgeport, Conn. 
Address all letters to P. O. BOX 3754, N.Y. 
W. H GALLISON, BOSTON, - - - EASTERN AGENT. 
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RICHARDS & CO, 


CHEMICAL AND PHYSICAL APPARATUS, 


24 WHITEHALL STREET, 


NEW YORK. 





—ESTABLISHED 1842.— 


First Premium at Franklin Institute, 1845. - First Premium at Centennial International Exhibition, 1876. 


J. BISHOP & CO., 


SUGARTOWN, CHESTER CO., PENN, 


REFINERS AND MELTERS OF PLATINUM. 


MANUFACTURERS OF 





CRUCIBLES, EVAPORATING DISHES, IGNITION TUBES, 
AND ALL ARTICLES MADE FROM PLATINUM, 
USED BY ANALYTICAL CHEMISTS. 


All Work Hammered, and Warranted Equal to any European Work Made. 


Old Platinum bought or taken in exchange. Scrap melted at the shortest notice. Crucibles 
and Dishes, etc., repaired promptly. All articles sent by Adams Express, directed to J. 
BISHOP & CO., Malvern Station, P. R. R., will meet with prompt attention. 


CIRCULARS SENT FREE ON APPLICATION, 
(17) 
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Business Established 1851. Incorporated 1854. 


(ORIGINAL STEAM GAUGE CO.) 


J. C. BiatspE.t, Pres. E. Burt Puiuips, Treas. H. K. Moors, Supt. 


American Steam Gauge Co. 


36 CHARDON ST., BOSTON, MASS. 


SOLE MANUFACTURERS OF THE 


THOMPSON IMPROVED INDICATOR, 


2,500 IN USE. 


Adopted by the U.S. Navy for use on all the Govern- 
ment Cruisers and Gunboats to be built. 


Amsler’s Polar Planimeter 
— AND— 
The Pantograph. 
ALSO, SOLE MANUFACTURERS OF THE 


Bourdon Steam Gauge, 
with Lane’s Improvement. 


Clocks, Counters, Pyrometers, Hydrometers, Sali- 
nometers, and all Instruments incidental 
to the use of Steam. 


SEND FOR ILLUSTRATED CATALOGUE (@). 





AMERICAN POP SAFETY VALVE. 


The only Automatic Adjusting Safety Valve ever produced 


—FOR— 


LOCOMOTIVE, STATIONARY, MARINE and PORTABLE 


BOILERS. 


It does not infringe on the patents of any other Valve made. 

We guarantee all parties buying or using them protection against all suits. 

Accepted for application to all marine boilers by the Board of Supervising 
Inspectors of Steam Vessels, and approved by the Secretary of the Treasury at 
Washington, D.C., 1885. 

Approved, and its adoption recommended on United States Naval Steamships, 
April 15, 1885, by United States Naval Board of Examiners. 


AMERICAN STEAM GAUGE COMPANY, 


36 Chardon Street, Boston, Mass. 
Send for Price-List (G). 
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S@™ AS DIRECT IMPORTERS WE GUARANTEE THE LOWEST PRICES. “aa 


MICROSCOPES. 


Vhe only House in the country carrying in stock Microscopes of the leading. manufacturers of Europe. 





ZEISS. HARTNACK, ‘NACHET, REICHERT, LEITZ. 


Microscopic Accessories: 
German and English, Chance and Hartigs. 


Chemical and Physical Apparatus: 
The best quality only. Kavalier, Gerhardt, Kuchler, Geissler, Buhler, Wiesnegg. 


BERLIN PORCELAIN, HAMMERED PLATINUM, 
SCHLEICHER & SCHULL’S FILTER-PAPER. 


Microtomes: Balances: 
Jung, Heidelberg, Becker, Gottingen. Westphal, Becker. 


THE EDUCATIONAL SUPPLY COMPANY, 


6 HAMILTON PLACE, BOSTON. 


CORRESPONDENCE SOLICITED. 


FROST & ADAMS, 


IMPORTERS, WHOLESALE AND RETAIL DEALERS IN 


ARTISTS’ MATERIALS 


——OF EVERY DESCRIPTION. — 
DECORATIVE ART GOODS OF ALL KINDS. 


Handbooks of Instruction on all Art Subjects. 





Supplies for Oil Color, Water Color, China, Lustra, and Tapestry Painting. 
Studies for all Branches of Art Work. 
Mathematical Instruments, Drawing Paper, and T Squares. 


ARCHITECTS’ AND ENGINEERS’ SUPPLIES IN GENERAL. 


37 CORNHILL, - ~- BOSTON, MASS. 


Catalogucs free on application. Mail orders receive prompt attention. 


F. S. FROST H. A. LAWRENCE. 
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aT ay Pegg TUBE STEAM-BOILER. 


SAFE, ECONOMICAL, DURABLE. 





ABENDROTH & ROOT 
MANUFACTURING CO., 


28 Cliff Street, New York. 





CHARLES -E. ASHCROFT, Agent, 
Mason Bullains.t eer ON: 


THE M. . pica STEAM-PUMP. 


SIMPLE, 
EFFICIENT, 





Mave 1N 
ALL SIZES, 
WHETHER 
RELIABLE, SINGLE or DU- 
PLEX. 

ALSO 
COMPOUND 
PUMPING 
ENGINES. 


FOR ALL 
PURPOSES 
AND 


DUTIES. 





Davidson Steam Pump Co., 
77 LIBERTY prin eo we ee ee eS or EE YQ 


BOSTON BRANCH Cr RE 51 OLIVER STREET. 





BOILER and PIPE COVERINGS. 
ABSOLUTELY FIRE-PROOR. 


LIGHT AND CHEAP. 
EASY TO APPLY. 





ASBESTOS. Miners and Manufacturers, Braided Packing, Mill Board, 
Sheathing and Specialties. 


CHALMERS-SPENCE CO., foot of 8th St., New York. 





ALBERT DUTTON, Agent, 19 Pearl Street, Boston. 
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“THE DEANE” 


STEAM AND POWER 
PAMPS 


OF EVERY VARIETY AND FOR ALL DUTIES. 


MANUFACTURED BY 


THE DEANE STEAM PUMP COMPANY, 
HOLYOKE, MASS. 





NEW YORK. BOSTON. CHICAGO. PHILADELPHIA. _ ST. LOUIS. 


BOSTON OFFICE AND WAREROOMS, 54 OLIVER ST. 


Send for New Iliustrated Catalogue. 








